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ABSRACT 
Click chemistry is one of the growing areas of research which is applied in the design and 
synthesis of a wide range of polymeric architectures. This investigation focuses on the synthesis 
of fluorescent coumarin based polymers by “click” A-B step growth polymerization process and 
evaluation of their photophysical properties.  
Non-fluorescent azide-alkyne functionalized coumarin-based monomers were synthesized in 
multiple steps from 2,4-dihydroxybenzaldehyde in reasonable yields.  
Polymers with coumarin backbone were synthesized from azide-alkyne functionalized coumarin 
monomers via the Cu(I) catalyzed 1,3-dipolar cycloaddition reaction between azides and 
alkynes, a typical click reaction, to form polymers whose repeating units are connected by a 
1,2,3-triazole ring.  The structures of the synthesized polymers were confirmed by NMR and FT-
IR spectroscopy. 
Finally, the photophysical properties of the synthesized monomers and polymers were evaluated 
in DMF. All coumarin based monomers showed reduced fluorescent properties due to the 
quenching effect from the azido group. Although all polymers absorbed at maximum wavelength 
of 340 nm, a characteristic for coumarin chromophore, the homo-polymers emitted at a shorter 
wavelength of 413 nm as compared to the co-polymers which emitted at 421 nm. 
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1.   INTRODUCTION 
 
 
1.1  GENERAL   
 
Polymers are large molecules consisting of repeating structural units which are typically 
connected by covalent bonds.
1 
They are broadly classified as natural or synthetic. Naturally 
occurring polymers are synthesized in living organisms.
2
 Examples of these polymers which are 
readily biodegradable, non-toxic and biocompatible
2
 include proteins, carbohydrates, nucleic 
acids, wood, silk, chitin 1 and cellulose 2 (Figure 1a). Cellulose, a long linear polymer made up 
of glucose derivative units, is obtained from wood bulb and cotton and is used for the 
manufacturing of paper.
3
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Figure 1: (a) Examples of natural polymers and (b) examples of the earliest synthetic polymers 
 
a) 
b) 
2 
 
Synthetic polymers are synthesized through various polymerization processes and they are 
designed with molecular structures that impart properties for desired end uses.
4
 Examples 
include polyethylene 3 and polystyrene 4
1
 (Figure 1b).  Polymers that contain only a single type 
of repeat unit are known as homopolymers,
5
 while those containing a mixture of repeat units 
which may be arranged regularly or irregularly along the polymer chain are known as 
copolymers.
5,6
 
 
1.2  POLYMERIZATION PROCESSES 
 
Chemical reactions in which repeat units (monomers) are covalently bonded to form larger 
molecules (polymers) are known as polymerization processes.
1,7 
These reactions are classified 
into two main categories: condensation polymerization processes (step-growth) and addition 
polymerization processes (polyaddition). 
 
1.2.1  Condensation polymerization 
 
This is a form of step-growth polymerization which utilizes monomers with complementary 
reactive groups.
7
 It follows simple organic condensation chemistry in which small molecules 
such as H2O, HCl etc. are formed as a by-product when a link is formed between two molecules 
(monomers).
8
 A typical example is the reaction between acid 5 and amine 6 to form an amide 
linkage as shown in Scheme 1 below.  
 
 
OH
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H2N NH2
N
H
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HO NH24 6
4
6
+
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5 6 7  
 
Scheme 1: Condensation polymerization. 
 
3 
 
 
Condensation polymerization reactions are greatly affected by steric factors in the monomers 
with bulky side groups that tend to prevent the active side of the chain from adding to another 
monomer unit by hiding the active side of the growing chain. Intra-molecular factors for 
multifunctional monomers and impurity of monomers also affect the rate of polymerization due 
to the formation of cyclic products and side reactions of functional groups, respectively.
7
 
 
1.2.2  Addition polymerization  
 
The addition polymerization process proceeds via a chain growth mechanism.
9
 Usually the 
monomers contain pi-bonds which open up to produce two sigma bonds when reacted with an 
active species
10,11
 (radicals, anions and cations). The chain growth involves three steps to 
completion.  The first step is chain initiation, followed by chain propagation and lastly chain 
termination. 
 
 Scheme 2 illustrates the addition polymerization of ethylene via a free radical mechanism.
11   
The unstable and reactive polymerization initiating species 9 (radicals) are produced on 
thermolysis or photolysis of peroxide 8 in the initiation step (Scheme 2a). These radicals initiate 
the polymerization process by attacking the double bond of ethylene monomer to yield activated 
ethylene monomer 10. During chain propagation, the activated ethylene monomer 10 radically 
reacts with another monomer according to Scheme 2c. The process goes on so that the chain 
grows longer. Chain termination occurs when two growing chains with radicals react 
bimolecularly, or when the original radical formed by thermolysis reacts with a growing chain to 
form a dead polymer chain 12. 
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Scheme 2: Free radical addition polymerization of ethylene monomer
11
 
 
1.2.3  Living/Controlled radical polymerization 
 
Living polymerization, first demonstrated by Szwarc,
12
 is defined as a chain growth process 
without chain breaking reactions (transfer and termination reactions). It yields polymers of 
controlled composition, molecular weight distribution, precisely designed architectures and 
nano-structured morphology. The three methods which serve as the prime examples of living 
radical polymerization are Nitroxide Mediated Polymerization (NMP)
13
 which utilizes a 
nitroxide radical species 13 for initiation of the reaction as illustrated in scheme 3 for the 
synthesis of polymer 17, Atom Transfer Radical Polymerization (ATRP) in which  an alkyl 
halide 18 is activated by a transition metal catalyst to form a radical which initiates 
polymerization
14
 as shown in Scheme 4 and Reversible Addition-Fragmentation Chain Transfer 
Polymerization (RAFT) where initiation and termination steps follow conventional radical  
polymerization
15
 as shown in Scheme 5. The primary radicals initiate polymerization by 
attacking the acrylic acid monomer 21 to form a propagating radical which adds to a raft agent, 
dithioester 23, to yield an intermediate radical. This is followed by intermediate radical 
(Dead polymer) 
a)
) 
d) 
 b) 
c)  
5 
 
fragmentation resulting in a polymeric dithioester and a new radical. The new radical further 
reacts with monomer 21 to yield a propagating radical species.
15 
A rapid equilibrium between the 
active propagating radicals and a dormant polymeric dithioester provides equal probability for all 
chains to grow and allows production of low polydispersity index polymer 24. 
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Scheme 3: Synthesis of the bi-responsive block copolymers via nitroxide mediated radical 
polymerization.
13
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Scheme 4: Atom transfer radical polymerization (ATRP) for the synthesis of polystyrene.
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Scheme 5:  Reversible addition-fragmentation chain transfer polymerization (RAFT) for the 
synthesis of polyacrylic acid.
15
 
 
1.3  “CLICK” CHEMI STRY AND POLYMERIZATION   
 
Chemical transformations of small molecules have served as a rich source of reactions for the 
development of new polymerization processes. The philosophy of “click” reactions, which was 
introduced in 2001 by K. B. Sharpless,
16
 is one of such chemical transformations applied for the 
design and synthesis of advanced multifunctional polymer materials.
16-18 
 These reactions are 
tailored to generate substances faster and reliably by joining small units together and are widely 
applied due to the following advantages:  
 
 High chemical yields. 
 Regiospecificity. 
 Generation of inoffensive by-products. 
 Exhibit a large thermodynamic driving force to favour a reaction with a single reaction 
product. 
 Simple reaction conditions and insensitivity to oxygen and water.  
 Provision for simple solvent removal and product isolation. 
 
Reactions which conform to click chemistry criteria have been studied and their applications for 
polymerization are well documented.
17-19
 Examples of these click reactions applied for polymer 
synthesis include the Cu(I) catalyzed azide-alkyne cycloadditions, nitrile oxide-alkyne 
cycloaddition and thiol-ene/thiol-yne click reactions.
19 
7 
 
1.3.1  The Cu(I) catalyzed azide-alkyne cycloadditions 
 
The Cu(I) catalyzed 1,3-dipolar cycloaddition reaction to form disubstituted triazole has been 
termed the “cream of the crop” of click chemistry.17,20 It utilizes building blocks such as 
acetylenes and azides and is the most extensively studied click reaction to date.  These reactions, 
which are considered the most reliable hetero-Diels-Alder additions,
21
 proceed regioselectively 
to yield disubstituted tetrazoles
 
25
22,23 
and 1,2,3-triazoles 26 
16,24,25,26 
with Cu(I) catalysis under 
different conditions as shown in Scheme 6.  
 
R N3 + R'
N
N
N
R
R'
R N3 + R' N
N
N
N
N
R'
R
Cu1
Cu1
25
26  
 
Scheme 6: Cu(1) catalyzed synthesis of substituted tetrazoles and triazoles 
 
1.3.2  Regioselectivity of the Cu(I) catalyzed cycloaddition  
 
The thermal Huisgen 1,3-dipolar cycloaddition of alkynes with azides which requires elevated 
temperatures and yields a mixture of the two regioisomers,
25,27
 the 1,4- and 1,5-disubstituted 
triazoles 27 and 28, respectively (Scheme 7).  
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Scheme 7:   Thermal Huisgen 1,3-dipolar cycloaddition adducts 
 
 
Various attempts to control the regioselectivity of thermal Huisgen 1,3-dipolar cycloaddtion have 
been reported without much success until the discovery of CuAAC by Medal and Sharpless in 
2001 and 2002 respectively, which produces only the 1,4-disubstituted regioisomer.
16,28
 This 
Cu(I) catalyzed variant of the thermal Huisgen 1,3-dipolar cycloaddition of alkynes with azides 
follows a different mechanism as shown in Figure 2 and can be conducted under aqueous 
conditions with an enormous rate of acceleration at room temperature. Scheme 8 below shows a 
typical example of Cu(I) catalyzed Huisgen 1,3-dipolar cycloaddition between azide 30 and 
alkyne 29 to form 1,4-disubstituted triazole derivative 31.
16 
 
 
THF/H2O (20:1), rt, 8 h
O
N
NNO
N3+
29 3130
Sodium ascorbate, 5 mol %
CuSO4 . 5 H2O, 10 mol %
 
 
Scheme 8: Example of a Cu(I) catalyzed Huisgen 1,3-dipolar cycloaddition (yield 91%). 
 
 
Thus, CuAAC complies fully with the definition of click chemistry and has put a focus on azide-
alkyne cycloaddition as a prototype click reaction, succeeding over a broad temperature range 
with insensitivity to aqueous conditions and a pH range between 4 to12.  This reaction tolerates a 
broad range of functional groups, except for those that are self-reacting or able to yield stable 
complexes with Cu(I) causing catalyst deactivation.
22, 26 
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1.3.3  Cu(I) catalysis and mechanism for the formation of 1,4-disubstituted 
triazole. 
 
The mechanism for CuAAC which was first experimentally proposed by Sharpless et al.
29
 and 
later modified by Finn et al.
30,31
 has been determined based on functional theory calculations.
32,3 
The Cu(I) species is introduced as a preformed complex or generated in situ.
16,26,34 
 Coordinated 
by a ligand, it forms a pi complex with the triple bond of the terminal alkyne. In a basic 
environment, the terminal acetylene hydrogen being the most acidic is deprotonated to yield a 
copper acetylide intermediate as shown in Figure 2. It has been suggested that the transition state 
involves two copper atoms. One copper atom is bonded to the acetylide while the other copper 
atom activates the azide.  The ligands employed are labile and weakly coordinating hence the 
azide displaces one ligand to generate a copper-azide-acetylene complex. Cyclisation then takes 
place, followed by protonation. The product is then formed by dissociation. 
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Figure 2:  Postulated Cu(I) catalysis mechanism. 
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The Cu(I) species lowers the pKa of the alkyne C-H by up to 9.8 units when coordinated with 
acetylide.
33
 In an uncatalyzed reaction the alkyne remains a poor electrophile, leading to slow 
reaction rates due high energy barriers.  
 
1.3.4  CuAAC “click” polymerization  
 
 CuAAC click polymerization is the application of the click reactions of azides and alkynes for 
the synthesis of a wide range of functionalized polytriazoles
19,35
 with novel structures and unique 
properties.  
 
Functional polymers have traditionally been prepared by step-growth polymerization reactions 
such as condensation and coupling polymerizations which are slow due to  the sluggish reactivity 
of the monomers, with poor atom economy because of the formation of large amounts of small-
molecule by-products.
19
 Azides and alkynes, on the other hand are readily activated to generate 
highly reactive species and their polymerization is usually faster to afford polymeric products 
with high molecular weights, coupled with excellent atom economy since the azide-alkyne 
reaction is additive (cycloaddition) in nature.
19
  
 
In addition, the orthogonality of click reactions circumvents the problem of side-product 
formation and impurity contamination which enables the synthesis of polymers with high 
structural purity. Furthermore, the great functionality tolerance of the click polymerization 
makes it easy to incorporate electron rich heteroatoms and polar groups into macromolecular 
architectures; hence the application of click chemistry in polymer synthesis offers a solution to 
many problems that have been encountered for a long time in organic polymer synthesis.
35  
These 
problems include: 
 
 A poor degree of functionalization with many conventional methods, especially when    
involving multiple functional groups due to the challenges of protecting functional 
groups that may be affected in the course of the reactions and their subsequent 
deprotection. 
 Purification problems associated with partially functionalized mixtures. 
11 
 
 Harsh reaction conditions of conventional methods, such as elevated temperatures which 
lead to the breakup of associates and assemblies. 
 Incomplete reaction on surfaces and interfaces. 
 
 
1.3.5  Overview of CuAAC step-growth click polymers 
  
CuAAC step-growth polymers of various molecular weights and properties have been 
synthesized from monomers containing cycloaddition functional groups such as azides and 
alkynes, thiols and alkenes or alkynes etc. using different Cu(I) catalysts, ligands and solvents.
19
 
To afford different polytriazoles architectures, the strategy of using monomer combinations with 
differ- rent types and numbers of click cycloaddition functionalities, is employed.
36,37,38  
 
 Li and co-workers synthesized hyper-branched PTA 33 from ethynylene diazide 32 (AB2 type 
monomer) via a polyaddition strategy based on click chemistry step-growth polymerization
39 
in a 
water/DMF mixture according to Scheme 9. They observed self-oligomerization and/or 
autopolymerization of monomer 32 during preparation and storage, due to the existence of two 
mutually reactive functional groups in the single molecular species. 
 
32 33
R
N3N3
R
N
N
N N
N
NN
N
N
R
CuSO4 . 5 H2O, 
Sodium ascorbate
DMF/H2O
 
 
Scheme 9: Synthesis of hyper-branched PTA by Cu(I)-mediated click polymerization of 
ethynylene diazide (AB2) monomer. 
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However, synthesizing monomers with a single type of cycloaddition functional group in one 
molecular species such as A2, B2, A3 and B3 and their use as A2+B2, A2+B3 or A3+B2 monomer 
combinations for click polymerization solves the problem of self oligomerization.
39
 Scheme 10 
shows an example of 1,4-regioregular linear PTA 36, prepared from diazide 34 (A2) and diyne 
35 (B2) monomers through A2+B2   monomer combination strategy.
37 
  
 
CuSO4 . 5 H2O
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Scheme 10: Synthesis of linear PTA by Cu(I)-catalyzed click polymerization of diazide (A2) and 
diyne (B2) monomers 
 
 
Tang and co-workers
19 
obtained hyper-branched polytriazole 38 from diazine 34 and triyne 37 
(A2 +B3 monomer combination) in the presence of CuSO4 and sodium ascorbate in a mixture of 
water and THF.
  
They observed poor solubility due to incompatibility of the growing polymer 
species in the aqueous reaction media which induced the hyper-branched polymer spheres to 
agglomerate and eventually precipitate. However, this challenge was successfully solved by 
minimizing the amount of water in the solvent mixture.
 38, 39,
 
40
   
34
37
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+
CuSO4 . 5 H2O, 1 mol%
Sodium ascorbate, 5 mol%
THF/H2O (5:1), RT, 72 h
 
 
Scheme 11:  synthesis of PTA by Cu(I) catalyzed click polymerization of diazide (A2) and triyne 
(B3) Monomers 
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A similar approach was taken by Shi and co-workers.  They minimized the amount of water used 
in the solvent mixture in their synthesis of hyper-branched PTA 41, with nonlinear optical 
(NLO) activity from the A2 + B3 combination of  monomers (Scheme 12).
40,42 
 The site-isolation 
effect offered by the three-dimensionally branched molecular structure of this hyper-branched 
PTA was anticipated to enhance its NLO activity. The PTA was prepared by the slow addition of 
a DMF solution of diazide 39 into a solution of triyne 40, in DMF containing a small amount of 
water at room temperature. The PTA 41 was soluble in DMF, DMSO, cyclopentanone and 
cyclohexanone.   
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Scheme 12: Synthesis of hyper branched click polytriazole 
 
 
A CuSO4/NaAsc mixture is the most widely used catalyst system, but it often gives insoluble 
products. In many cases, the polymerization reactions take a very long time to complete (up to 10 
14 
 
days) due to the poor solubility of the propagating species in the aqueous solutions, which results 
in monomers taking much longer time to reach the active species buried in the oligomeric or 
polymeric coils and spheres. This slows down the growth rates of the cycloaddition products.
19
 
To circumvent this challenge other sources of Cu(I) species have been screened as shown in the 
Table 1 below, from which Cu(PPh3)3Br has shown to give better results. 
 
 
Table 1: Examples of Cu(I) catalyzed Click Polymerization under different conditions
19
 
 
  
No. Catalyst monomers solvent T (
o 
C) time (h) 
1 CuSO4/NaAsc. A2 +B2 THF/DMF rt 240 
2 CuSO4/NaAsc/TEA A2 +B2 THF or DMF 30-35 48 
3 CuBr A2 +B2 DMF 50 30 
4 CuI A2 +B2 DMF/pyridine rt 16 
5 Cu(OAc)2/Cu/TBTA A2 +B2 THF/CH3CN 25 170 
6 CuOAc/microwave AB DMF 100 0.5 
7 Cu(PPh3)3Br A2 +B3 DMF or THF 60 1.33 
8 CuIP(OEt)3 AB DMF 60 24 
9 Cu(CH3CN)4PF6/Cu/DMEDA A2 +B2 CH3CN rt 72-336 
 
 
 
 
Drockenmuller and co-workers demonstrated that linear PTA’s with varying compositions could 
be prepared by step growth click polymerization of α-azide-ω-alkynes.43  Monomers 42, 43 and 
44 were copolymerized using organosoluble Cu(PPh3)3Br (Table 1, no.7) as the catalyst and 
DIPEA as the ligand in chloroform as shown in Scheme 13 to form PTA 45 in good yields.  It 
was shown that the solubility and the stability of the polymers could be modulated by changing 
the compositions of their repeat units. The reaction was much faster and the use of organosoluble 
catalyst minimized the amount of metallic species used in the click polymerization reaction. 
15 
 
42 O
O
O (CH2)11
O
N
N
N
(CH2)11
O
N
NN (CH2)11
(CH2)11
O
N3
+ +
N
Cu(PPh3)3Br
DIPEA
CH3Cl
N3
N3
N
N
n
43 44
45  
 
Scheme 13: Synthesis 1,4-disubstituted polytriazole copolymer. 
 
 
Catalytic systems for click polymerizations beyond Cu(I), which yield the 1,5-disubstituted 
polytriazoles, such as Ru, Pt, Pd and nickel have been explored as shown in Table 2.  
Matyjaszewski and co-workers discovered that PtCl2, PdCl2, and NiCl2 can catalyze click 
polymerizations, with the PtCl2 system exhibiting the highest catalytic activity, although its 
regiospecificity was not reported.
44
   
 
  
Table 2: Examples of Click catalytic systems beyond Cu(I) 
 
No. Catalyst Monomer Solvent Temp (°C) T (h) Yield (%) 
      1,4- 1,5- 
1 Cp*Ru(PPh3)2Cl A2 + B3 THF 60 0.5 0 100 
2 [Cp*RuCl2]n A2 + B3 THF 40 2 0 100 
3 PtCL2/PMDETA A2 +B2 DMF 80 20 nd nd 
4 Δ Metal free A2 +B2 DMF/toluene 100 6 80 20 
 
1,4- = molar fraction of 1,4-disubstituted 1,2,3-triazole  repeat unit in PTA, 1,5- = molar fraction  of 1,5-disubsti- 
tuted 1,2,3-triazole repeat unit in PTA,  Δ=heating,  nd=not determined. 
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1.3.6  Nitrile oxide-alkyne cycloaddition click polymerization 
 
Nitrile oxide-alkyne cycloadditions are mostly employed for the preparation of 3,5-regioregular 
polyisoxazoles.
45
 Scheme 13 below shows an example of how polyisoxazole 48 is synthesized 
from diyne 47 and nitrile oxide 46 via the nitrile oxide-alkyne cycloaddition-based click 
polymerization. 
 
46 47 48
R' R
RN+N+-O O-
N
O
O N
R'
n
+
 
 
Scheme13: Synthesis 3,5-regioregular polyisoxazole 
 
 
1.3.7  Photoinduced thiol-ene and/or thiol-yne click polymerization 
 
Photo induced thiol-ene click reactions are mainly used to synthesize cross-linked network 
polymers.
46
 Similarly, under UV-irradiation, activated thiol-yne click reactions yield sulfur 
containing insoluble gels with hyper-branched polymer structures that are macroscopically 
intractable.
47
 Polymethylenesulfide 51 was prepared from thiol 49 and diene 50 through the 
photoinduced thiol-ene click reaction (Scheme 14).  
 
 
49 50 51
R'
SHHS
R
R
S
R'
S+ n
hv
 
           
 
Scheme 14: Example of photoinduced thiol-ene click reaction 
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Tang et al. synthesized soluble polyvinyl sulfides 54 and 56 using organorhodium complexes 
and secondary amines, respectively, instead of UV-irradiation to catalyze the thiol-yne click 
polymerization processes; according to scheme 15 below.
48
 The organorhodium complexes and 
secondary amines stop the reaction at the vinyl sulfide stage without further proceeding to the 
alkyl sulfide 53. The Rh-catalyzed thiol-yne click polymerization propagates in an anti-
Markovnikov addition mode affording stereo regular linear polyvinyl sulfides with 100% E-
configuration. Due to the presence of sulfur, these polymers demonstrate unique functional 
properties such as high and tunable refractive indices.
48
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Scheme 15:  Synthesis of polyvinylsulfides using (a) organorhodium complexes and (b) 
secondary amines as catalyst 
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1.4  MODIFICATION AND FUNCTIONALIZATION OF POLYMERS 
USING CLICK CHEMISTRY. 
 
The enormous success in click polymerization partly lies in the excellent combination of click 
reactions with other known polymerization processes which open a way for the synthesis and 
investigation of new modified and functionalized polymeric architectures.
35,49  
This part gives a 
brief description of a few examples published in the literature, where known polymerization pro- 
cesses have been combined with the CuAAC for synthesis, post modification and functionalizati- 
on of polymers. 
 
1.4.1 Modification and functionalization of ATRP polymers  
 
Two strategies can be employed to achieve a combination between the click reaction and ATRP, 
namely, the initiator approach and the Br/N3 approach.
50-54 
 
The initiator approach relies on the use of alkyne or azide functionalized initiators
55
 which are 
not cross-reactive within the subsequent ATRP process.  Scheme 16 below shows the synthesis 
of click modified ATRP polymer 59. The initiator 57 with azide functionality was used in the 
polymerization of MMA to yield polymer 58, containing an azide end group.  Click reaction on 
the polymer 58 with terminal alkyne using CuBr, yielded polymer 59 with triazole moieties. 
 
The Br/N3 approach shown in Scheme 17 takes advantage of the terminal bromine-moiety
 
inherently present within the ATRP polymer 60.
56
 A final Br/N3-nucleophilic substitution 
(usually performed in a NaN3/DMF mixture) completes the introduction of the azido moiety to 
the terminus of the polymer 61. Click reaction of polymer 61 with alkyne then led to the 
formation of triazole ring. 
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Scheme 16: Click polymer synthesis via ATRP initiator approach 
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Scheme 17: End group modification of ATRP polymer via Br/N3-nucleophilic substitution 
 
 
1.4.2 Modification and functionalization of RAFT polymers 
 
There has been an enormous increase in articles describing the combination of RAFT-mediated 
polymerization and azide/alkyne click reactions as a tool for the synthesis of well-defined 
polymers.
57-60  
An outstanding example is a novel strategy developed by Chen et al.
61
 that 
endows the PVAc with fluorescence properties using this procedure. The process involved the 
synthesis of a novel ω-azido-functionalized PVAc 63 via a RAFT process, followed by the 
20 
 
“click” reaction using an alkyne bearing fluorophores as shown in Scheme 18. Of interest to this 
project was that coumarin was used as the source of fluorescent chromophore. 
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Scheme 18:  Synthesis of fluorescent polymer 64 using a combination of RAFT polymerization 
and click chemistry 
 
 
1.5  CHALLENGES OF CLICK POLYMERIZATION 
 
Exciting and remarkable progress has been made in recent years in the exploration of metal 
mediated click polymerization systems.  This has led to the development of better and effective 
organosoluble catalysts of Cu(I) and other metals for the synthesis of linear and hyper-branched 
polytriazoles with regioregular molecular structures and advanced functional properties. 
However, there are few challenges that still need attention and they include: 
 
 The toxicity and  interference of copper catalysts on PTA properties 
  Utilization of other click reactions besides the azide–alkyne cycloaddition. 
21 
 
The PTAs obtained from the metal-catalyzed click polymerizations are difficult to purify because 
of the difficulty in complete removal of the catalyst residues from the polymeric products. Of 
particular importance is that the metallic residues are generally detrimental to the electronic and 
optical properties of polymers. Light emissions of conjugated polymers, for example, can be 
quenched by metallic traps. Furthermore, the transition-metal catalysts are expensive and 
cytotoxic, which then become problematic when the polymerizations are conducted in biological 
systems or when the polymers are used for biological applications.
48
 Minimal use of metallic 
catalysts and development of metal-free polymerization systems are thus highly desired. 
 
To foster click polymerization into a versatile tool for the construction of new macromolecules 
with well-defined structures and multifaceted functionalities, new polymerization routes based 
on other clickable reactions should be developed,
48
 hence the exploration on the use of other 
clickable reactions for polymer synthesis, besides the highly documented and successful Cu(I) 
catalyzed azide alkyne cycloaddition, remains a challenge  to polymer scientists in their quest to 
realize the full potential of the click polymerizations. 
 
 
1.6  SYNTHESIS OF COUMARIN DERIVATIVES 
 
Coumarins are members of the benzopyrone family of compounds widely used as therapeutic 
agents, additives to food and cosmetics, optical brightening agents, and dispersed fluorescent and 
laser dyes.
62 
Coumarin 65 was first reported and isolated in the 1820’s from Tonka beans 
(Dipteryx odorata).
63,64 
Since then, more derivatives containing 7-hydroxycoumarin 66 
(umbelliferone) which is often considered the “parent” of the more complex coumarin 
derivatives and polymers, have been isolated.  
O O
O OHO
65 66  
 
Figure 3: Coumarin 65 and 7-hydroxycoumarin 66 
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The synthesis of coumarin and their derivatives in plants is via hydroxylation, glycolysis and 
cyclization of cinnamic acid.
65
 Due to their appetite suppressing properties,
 
the occurrence of 
coumarin is wide-spread in plants, especially grass, to reduce the effect of grazing animals. 
  
Coumarin derivatives can also be synthesized by many reactions from different starting materials 
depending on the derivative required. Some of these methods include: 
  The Perkin condensation 
 The Pechmann condensation 
  The Knoevenagel condensation 
 
These methods will be discussed briefly below. 
 
1.6.1 Perkin condensation  
 
Coumarin derivatives were first synthesized via the Perkin reaction in 1868
66
 and many 
coumarin compounds are still derived from this method which entails the use of  salicylaldehyde 
68, acetic anhydride and sodium acetate 69
67,68
 as starting materials as shown in Scheme 19. 
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Scheme 19: Synthesis of coumarin via Perkin’s condensation reaction 
 
1.6.2  Pechmann condensation 
 
This reaction utilizes Nafion/silica nanocomposites as catalysts to synthesize 7-hydroxycoumarin 
derivatives such as 73 (Scheme 20)
 
via the reaction between phenol 71 and ethyl acetoacetate 72.  
7-Hydroxy-4-methylcoumarin is synthesized in yields of 81 - 96 % with high recyclability of the 
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Nafion/silica nanocomposite catalysts.
69   
The condensation is performed under acidic conditions. 
The mechanism involves esterification/transesterification, followed by an attack of the activated 
carbonyl ortho to the oxygen in order to generate the new ring. 
71
O
OH
O
+
EtO R
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Scheme 20: Synthesis of coumarin derivatives via Pechmann condensation 
 
1.6.3   Knoevenagel condensation 
  
In the early 1900’s, the Knoevenagel reaction emerged as an important synthetic method to 
synthesize coumarin derivatives with a carboxylic acid at the 3 position.
70-72
 Later, researchers 
used ethyl cyanoacetate and various o-hydroxyacetophenones to synthesize 4-methylcoumarin 
derivatives.
73,74
 An advantage of this method is that a wide range of coumarin derivatives can be 
synthesized by this method as shown in Scheme 21 below. 
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Scheme 21: The Knoevenagel reaction for the synthesis of coumarin derivatives 
R1 = R2 = R3 = H, CO2Et, OMe, Et2N, CN, P-C6H4-NO2, COMe. 
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1.7  RESEARCH AIMS AND OBJECTIVES 
 
The general purpose of this study was to synthesize and characterize fluorescent polymers, with 
coumarin backbones, via click polymerization. To achieve this purpose, the following specific 
objectives were set out: 
 To design, synthesize and characterize different non-fluorescent novel 3-azido coumarin 
based monomers with terminal alkyne functionalities. 
 To characterize the synthesized novel monomers by methods such as NMR, FT-IR and 
Mass spectrometry. 
 To synthesize fluorescent homo- and co-polymers with a coumarin backbone by “click” 
step-growth polymerization from the synthesized monomers. 
 To characterize and analyse the synthesized polymers by various techniques such as 
NMR and FT-IR spectroscopies, GPC and TGA. 
 To study and compare the photo physical properties of the synthesized fluorescent 
polymers containing the coumarin backbone. 
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2.  RESULTS AND DISCUSSION 
 
2.1. SYNTHESIS OF TERMINAL ALKYNE AND AZIDE 
FUNCTIONALIZED COUMARIN-BASED MONOMERS 
 
 
The use of functional alkyne and azido monomers for step growth polymerization through the 
CuAAC has stimulated a demand for readily accessible azido and alkyne building blocks, and 
consequently a need for reliable and efficient methods for installing these functional groups in 
the monomeric backbones. Integrated chemical transformations of known organic reactions and 
processes were thus utilized for the synthesis of 3-azidocoumarin alkyne functionalized 
monomers. The results will be discussed with attention being given to the synthesis and 
characterization of these monomers which included four different coumarin derivatives and one 
aliphatic derivative with an azide and terminal acetylene in their backbones. 
 
 
 2.1.1. Synthesis of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one monomer 
 83 
 
The monomer was synthesized in two steps from 2,4-dihydroxybenzaldehyde 79, via a Perkin 
condensation, which is well documented in the literature for the synthesis of coumarin 
derivatives.
67,75 
The first step involved the synthesis of 3-azido-7-hydroxy-2H-chromen-2-one 
82, according to Scheme 22.  2,4-Dihydroxybenzaldehyde 79 and acetyl glycine 80 were heated 
at 100 °C in acetic anhydride for 4 h in the presence of sodium acetate (NaOAc) to afford  the 
ester-amide coumarin derivative 81 as a yellow solid without any purification necessary. 
Compound 81 was then heated in concentrated HCl/ethanol solution at 90 °C for 2 h, before it 
was quenched with water.  Azidation via the diazonium salt occurred exclusively at the C-3 
position on addition of NaNO2, followed by NaN3 at 0-5 °C to afford 3-azido-7-hydroxy-2H-
26 
 
chromen-2-one 82 as a brown solid in 60% yield after purification by column chromatography 
using 30% ethyl acetate in hexane.  
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Scheme 22: Synthesis of 3-azido-7-hydroxy-2H-chromen-2-one 82 
 
The coumarin derivatives 81 and 82 were characterized by NMR and FT-IR spectroscopies.  
Figures 4 and 5 overleaf illustrate the assignment of the proton signals in the 
1
H NMR spectra of 
coumarin derivatives 81 and 82, respectively. C-2’’ and C-2’ of the ester-amide derivative 81, 
whose protons resonate at 2.22 ppm  and 2.33 ppm in the 
1
H NMR spectrum and at 24.70 ppm  
and 21.09 ppm respectively in the 
13
C NMR spectrum (Figure 6), were absent in the 
1
H and 
13
C 
NMR spectra of 3-azido-7-hydroxy-2H-chromen-2-one 82 (Figure 7).  The carbonyl C-1’’ and 
C-1’ signals, which are absent in the spectra of coumarin derivative 82, are shifted downfield due 
to deshielding from the adjacent electron-withdrawing oxygen and nitrogen and are observed at 
168.84 ppm and 169.37 ppm respectively in the  
13
C NMR spectrum of the ester-amide coumarin 
81. Due to formation of the azide, the ester-amide NH proton peak observed at 8.04 ppm was 
absent in the 3-azido-7-hydroxy-2H-chromen-2-one 82 
1
H NMR spectrum on which a new 
singlet peak resonating at 10.62 ppm was assigned to OH proton. The doublets at 7.48 ppm and 
6.81 ppm and the singlets at 7.48 ppm and 6.76 ppm were assigned to the aromatic coumarin 6-
H, 5H, 8-H and 4-H respectively, as shown in Figure 5.  Due to deshielding from the oxygen, the 
signals of coumarin the carbonyl C-2 and the C-7 attached to the hydroxyl group are shifted 
downfield and its signal is observed at 158.32 ppm and 162.04 ppm respectively. 
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For coumarin 82, the FT-IR spectrum confirmed the presence of the hydroxyl group by a broad 
stretching between 3420-3500 cm
-1 
and the azide functionality whose stretching was observed at 
2180 cm
-1
. 
 
Figure 4: 
1
H NMR spectrum for the ester-amide coumarin derivative 81 in CDCl3 
 
 
Figure 5:  
1
H NMR spectrum for 3-azido-7-hydroxy-2H-chromen-2-one 82 in DMSO-d6 
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Figure 6: 
13
C NMR spectrum for the ester amide coumarin derivative 81 in CDCl3 
 
 
 
Figure 7: 
13
C NMR spectrum for 3-azido-7-hydroxy-2H-chromen-2-one 82 in DMSO-d6 
C-2’ 
C-2’’ 
C-1’ and C-1’’ 
C-7 
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The next step involved the synthesis of the desired monomer, 3-azido-7-(prop-2-ynyloxy)-2H-
chromen-2-one 83, from 3-azido-7-hydroxy-2H-chromen-2-one 82. Deprotonation of the phenol  
82 by K2CO3 to form the potassium phenoxide, followed by alkylation using  propargyl bromide 
at 80 
o
C, yielded the monomer 83 in 40% yield as a brown solid (Scheme 23). The low yield in 
this reaction was attributed to the thermal 1,3-dipolar cycloaddition of monomeric azide and 
terminal alkyne, which are mutually cycloaddition reactive functional groups. This side reaction, 
which proceeded at the higher temperatures (80 °C) employed to synthesize the desired product, 
formed a by-product with the 1,5-disubstituted 1,2,3-triazole ring as evidenced by traces of 
fluorescent impurity observed from TLC analysis of the mixture. This impurity was easily 
removed from the required monomer by column chromatography, when eluting with 30% ethyl 
acetate in hexane. 
82
83
Br
O O
N3
O
O O
N3
+K-O
K2CO3
 
 
 
            
Scheme 23: Synthesis of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 
 
The monomer was fully characterized by 1D- and 2D-NMR spectroscopy as well as IR 
spectroscopy. Figure 8 below illustrates the assignment of proton signals in the 
1
H NMR 
spectrum. The proton signals at 2.60 ppm and at 4.79 ppm were assigned to the 3’-terminal 
alkyne proton and the 1’-methylene protons adjacent to the terminal alkyne, respectively. The 
doublets at 7.37 ppm and 7.01 ppm, and the doublet of doublets at 6.99 ppm whose coupling was 
confirmed by COSY-NMR (figure 10), were assigned to the coumarin 6-H, 4-H and 5-H 
respectively. Notable, however, was the disappearance of the hydroxyl signal observed at 10.62 
ppm in the starting phenol 82 
1
H NMR spectrum, indicating that the nucleophilic substitution 
was successful. The signals of terminal alkyne 3’-C and the methylene 1’-C, adjacent to the 
Entry Base Yield (%) 
1 K2CO3 57 
2 NaH 0 
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terminal alkyne were observed at 56.09 ppm and 78.85 ppm respectively in the 
13
C NMR 
spectrum shown in the appendices (Figure A6) and was also confirmed by the 
13
C DEPT NMR 
spectrum as shown in the Appendices (Figure A7). The terminal alkyne stretch was observed at 
3387 cm
-1
, while a strong azide stretch was observed at 2180 cm
-1
, in the FT-IR spectrum of 
monomer 83 as shown in Figure 9. 
 
 
 
Figure 8: 
1
H NMR spectrum of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 in CDCl3 
 
 
Figure 9: FT-IR spectrum of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 
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Figure 10:  COSY NMR spectrum for 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 in 
CDCl3. 
 
Efforts to use NaH for deprotonation of the phenol 82 failed to yield the required phenoxide, 
presumably because sodium hydride behaves both as a base and as a source of hydride ions. This 
dual ability of NaH in the presence of an electrophile such as propargyl bromide resulted in the 
formation of by products (which could not be characterized in this research) as it was observed 
by Hesek et al.
41
 in their studies on the reactivity of sodium hydride in different solvents. 
 
2.1.2 Synthesis of 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 
 
Monomer 86 was synthesized via a standard SN2 reaction procedure developed previously by 
reacting the potassium alkoxide 84, derived from 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 
82, with 6-iodo-1-alkyne 85 according to Scheme 25. To minimize the thermal 1,3-dipolar 
5-H 3’-H 
1’-H 
3’-H 
5-H 
6-H 
6-H 1’-H 
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cycloaddition side reaction between the azide and terminal acetylene in the reaction as earlier 
observed, the reaction was carried out at a reduced temperature of 50 °C for 24 h. After work-up, 
followed by column chromatography of the crude product using hexane/ethyl acetate as eluant, 
the monomer was obtained as a brown solid in 45% yields.  Attempts to form the product at 
room temperature, after the deprotonation of the phenol by K2CO3 yielded very small amounts of 
the product, even after increasing the reaction time up to 72 h. 
82
O
N3
OO
O O
N3
+K-OK2CO3
I
85
86
acetone, 80 0C
acetone
50 oC
84
 
Scheme 25: Synthesis of 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86. 
 
The monomer 86 was fully characterized by 1D- and 2D-NMR spectroscopy. Figure 11 below 
illustrates the assignment of proton signals in the 
1
H NMR spectrum. The multiplets between 
1.69 – 1.62 ppm and 2.24 - 2.20 ppm, integrating for two protons each, were assigned to the 3’-H 
and 4’-H methylene protons respectively. The multiplet between 1.91–1.84 ppm, which integrated 
for three protons, were assigned to the two 2’-H protons and 6’-H terminal acetylene proton and 
their coupling was confirmed by COSY-NMR, as shown in Figure 12.  The observed triplet 
signal at 3.97 ppm was assigned to the protons of 1’-CH2 next to the oxygen atom, while the 
terminal alkyne 6’-CH proton was observed as a triplet at 1.91 ppm. The terminal alkyne C-6’ 
signal is observed at 68.84 ppm in the 
13
C NMR spectrum of monomer 86 (Appendices; Figure 
A4). The HMQC spectrum (Appendices, Figure A9) shows the correlation of 
1
H NMR and 
13
 C 
NMR spectroscopy signals. 
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Figure 11:  
1
H NMR spectrum for 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 in CDCl3. 
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Figure 12: 
 
COSY NMR spectrum for 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 in 
CDCl3. 
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2.1.3 Synthesis of 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-2-one   
88. 
 
Monomer 88 was synthesized via two sequential nucleophilic substitution reactions according to 
Scheme 26. Deprotonation of the phenol 82 in the first step was accomplished using K2CO3.  
Alkylation of the resultant alkoxide with 1,2-dibromoethane yielded the crude product 7-(2-
bromoethoxy)-3-azido-2H-chromen-2-one 87, which was then reacted with propargyl alcohol  to 
yield the required monomer, 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-2-one 88 as a 
light brown solid in 40% yield. 
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Scheme 26: Synthesis of 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-2-one 88 
 
The structure of the monomer 88 was confirmed by NMR spectroscopy. The pair of triplets at 
4.42 ppm and 3.81 ppm in the 
1
H NMR spectrum shown in Figure 13 was assigned to the 1’- and 
2’-H protons, respectively. The presence of  the 3’’-H terminal acetylene proton signal at 2.79 
ppm  as shown in figure 13 as well as and  the disappearance of the hydroxyl signal observed at 
10.62 ppm in the 
1
H NMR spectrum of the starting alcohol 82 (Figure 6), confirmed the success 
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of the nucleophilic substitution reaction.  The broad signal observed at 4.98 ppm which 
integrated for two protons was assigned to 1’’-H methylene protons. The structure was further 
confirmed by FT-IR spectrum which exhibited absorbance peaks for the terminal acetylene and 
azide at 3377 and 2155 cm
-1 
respectively as shown in Figure 14. 
 
 
 
 
Figure 13:  1H NMR spectrum for 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-2-one 88 
in d6-acetone. 
 
Figure 14: FT-IR spectrum for 7-[2-(prop-2-ynyloxy) ethoxy]-3-azido-2H-chromen-2-one 88 
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2.1.4.  Synthesis of 1-azido-11-(prop-2-ynyloxy) undecane 91 
 
Monomer 91 was synthesized in two steps from commercially available 11-bromo-1-undecanol 
89.  Initially, 11-bromo-1-undecanol 89 was treated with NaN3 in DMF at 80 °C and azidation 
occurred exclusively at C-11 to afford 11-azido-1-undecanol 90 as yellowish syrup in 94% yield, 
according to Scheme 27 below. The structure of 11-azido-1-undecanol 90 was confirmed by 
1
H 
NMR spectra as shown in Figure 15. The singlet signal at 3.05 ppm was assigned to the terminal 
–OH which also stretches at 3350-3440 cm-1 in the FT-IR spectrum. The peaks of the 1-H and 
11-H groups next to the hydroxy and azido groups, respectively, resonated at 3.57 ppm and 3.34 
ppm as triplets.  
91
89
HO Br HO N3
O N3
DMF, 80 0C, 24 h
18-Crown 6
NaH
propargyl bromide
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Scheme 27: Synthesis of 1-azido-11-(prop-2-ynyloxy)undecane 91 
 
Figure 15: 
1
H NMR spectrum for 11-azido-1-undecanol 90 in CDCl3 
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Deprotonation of the alcohol 90 by NaH to the form alkoxide, followed by alkylation with 
propargyl bromide then afforded the required monomer, 1-azido-11-(prop-2-ynyloxy)undecane 
91, as a pale yellow liquid in 83% yield after purification by column chromatography using silica 
gel and eluting with 2% ethyl acetate in petroleum ether. 
The monomer 91 was characterized by NMR spectroscopy as shown in Figure 16. The proton 
peaks at 2.40 ppm and at 4.12 ppm in the 
1
H NMR spectrum were assigned to the 3’-terminal 
acetylene proton and 1’-methylene protons respectively. The signal of the 1-H protons which are 
deshielded by the electronegative azide group attached to C-1 are observed at 3.25 ppm as a 
triplet due to coupling from the 2-H protons. The 11-H protons, coupled with the 10-H protons, 
are observed at 3.50 ppm as triplet.  The structure was further confirmed by FT-IR spectrum 
which showed the terminal acetylene and azide stretches at 3400 cm
-1
 and 2100 cm
-1
,
 
respectively, and the disappearance of the OH stretch observed as a broad peak between 3350 
cm
-1 
and 3440 cm
-1 
in the FT-IR spectrum of alcohol 90. 
 
 
 
 
Figure 16: 
1
H NMR spectrum for 1-azido-11-(prop-2-ynyloxy)undecane 91 in CDCl3 
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2.1.5 Attempted synthesis of 3-azido-6-ethynyl-7-methoxy-2H-chromen-2-one 
99 
 
Attempts towards the synthesis of the monomer, 3-azido-6-ethynyl-7-methoxy-2H-chromen-2-
one 99, which involved four steps from 2,4-dihydroxybenzaldehyde 79 are shown in Scheme 28. 
 
CHO
OHHO
O O
N3
O
79 99  
Scheme 28: Attempted synthesis of 3-azido-6-ethynyl-7-methoxy-2H-chromen-2-one 99 
 
When 2,4-dihydroxybenzaldehyde 79 in glacial acetic acid, was treated with 1 mole equivalent 
of bromine solution (in glacial acetic acid) in the first step according to Scheme 29, 
monobromination occurred at the most  activated position C-5 which is the  para/ortho position 
relative to the hydroxyl groups (+M groups, activating) and in the meta position relative to the 
carbonyl group (-M group, deactivating) giving exclusively 5-bromo-2,4-dihydroxybenzaldeyde 
92 in  49% yield. It was observed that the use of excess bromine led to double bromination at the 
activated positions C-5 and C-3, yielding 3,5-dibromo-2,4-dihydroxy benzaldehyde 93 in good 
yield. 
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Scheme 29: 5-bromo-2,4-dihydroxybenzaldehyde 92 
 
Four steps
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1
H NMR (Figure 17) confirmed the structure of the 5-bromo-2,4-dihydroxybenzaldehyde 92 with 
the appearance of uncoupled peaks in the aromatic region, unlike the starting material 2,4- 
dihydroxybenzaldehyde 79 whose 
1
H NMR spectrum is shown in Figure 18, due to the 
substitution of 5-H proton by  bromine. The 4-OH proton peak, which was observed at 10.69 
ppm in the 
1
H NMR spectrum of the starting material 79, was shifted downfield to 11.41 ppm 
due to the deshielding from the added bromine substituent.  
 
Figure 17: 
1
H NMR spectrum for 5-bromo-2,4-dihydroxybenzaldehyde 92 in DMSO-d6 
 
 
   
Figure 18: 1H NMR spectrum for 2,4-dihydroxybenzaldehyde 79 in DMSO-d6 
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The second step was the synthesis of 3-azido-6-bromo-7-hydroxy-2H-chromen-2-one 95. Perkin 
condensation of 5-bromo-2,4-dihydroxybenzaldehyde 92 with acetyl glycine 80 in the presence 
of sodium acetate in acetic anhydride, according to Scheme 30, afforded brominated ester-amide 
coumarin derivative 94. This compound was then then heated in conc. HCl/ethanol (2:1) 
solution. Addition of NaNO2, followed by NaN3 at 0–5 °C then afforded 3-azido-6-bromo-7-
hydroxy-2H-chromen-2-one 95 as a light brown solid in 48% yield. 
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Scheme 30: Synthesis of 3-azido-6-bromo-7-hydroxy-2H-chromen-2-one 95 
 
Figures 19 and 20 below illustrate the assignment of the proton signals in the 
1
H NMR spectra of 
the 6-brominated ester-amide coumarin derivative 94 and 3-azido-6-bromo-7-hydroxy                 
-2H-chromen-2-one 95, respectively. The 2’-H,  2’’-H proton peaks, which resonated at 2.36 ppm 
and 2.18 ppm in the 
1
H NMR spectrum of the ester-amide derivative 94, were absent in the 
1
H 
NMR of 3-azido-7-hydroxy-2H-chromen-2-one 95 whose singlet peak observed at 11.45 ppm 
was assigned to the OH proton. The singlets at 6.93 ppm, 7.53 ppm, and 7.87 ppm in the 
1
H 
NMR spectrum of coumarin 95 were assigned to the aromatic 8-H, 5-H, and 4-H of the coumarin 
moiety. The carbonyl carbon (C-2) and the C-7, which is attached to the -OH group, are shifted 
downfield due to their close proximity to electron withdrawing oxygen and their signals are 
observed at 156.13 ppm and 156.81 ppm respectively, in the 
13
C spectrum as shown in Figure 21. 
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FT-IR spectrum also confirmed the presence of the –OH and –N3 peaks at 3350-3460 and 2196 
cm
-1
, respectively.  
 
 
 
Figure 19: 
1
H NMR spectrum the brominated ester-amide coumarin derivative 94 in CDCl3 
 
 
Figure 20: 
1
H NMR spectrum for 3-azido-6-bromo-7-hydroxy-2H-chromen-2-one 95 in DMSO-
d6 
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Figure 21: 
13
C NMR spectrum for 3-azido-6-bromo-7-hydroxy-2H-chromen-2-one 95 in DMSO-
d6 
 
Deprotonation of the phenol 95 with K2CO3, followed by alkylation with iodomethane via the 
earlier described procedure for the SN2 reaction in the third step afforded the required 3-azido-6-
bromo-7-methoxy-2H-chromen-2-one 97 as a brown solid in 65% yield, after column 
chromatography purification of the crude product using 30% ethyl acetate in hexane as eluant. 
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Scheme 31:  Synthesis of 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 
 
The structure of the compound was confirmed by the 
1
H NMR spectrum (Figure 22), which 
displayed the methoxy (–OCH3) protons signal at 3.95 ppm. The absence of the OH proton 
signal, which was observed in the 
1
H NMR spectrum of the 3-azido-6-bromo-7-hydroxy              
-2H-chromen-2-one 96 at 11.45 ppm, as shown in Figure 20, indicates a successful SN2 reaction.  
C-7 
C-2 
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Figure 22: 
1
H NMR spectrum for 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 in CDCl3 
 
Although there are many reports of successful Pd/Cu catalyzed coupling reactions in the 
literature, such as Sonogashira coupling reactions,
77-79
 in our system the  Pd-catalyzed coupling 
reaction of 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 in the last step, with TMS- 
acetylene using different catalytic systems, under different reaction conditions (Table 3) to 
synthesize 3-azido-7-methoxy-6-(trimethylsilyl)-2H-chromen-2-one 98, failed to yield the 
desired product. This reaction on, described in the literature as only possible under an oxygen 
free environment,
78
 was unsuccessful even after degassing the system to remove oxygen whose 
presence would otherwise oxidize the palladium catalyst from oxidation state 0 (the active 
catalyst) to +2 and impede the reaction. Hence, the synthesis of 98 was unsuccessful and 
subsequently the desired monomer, 3-azido-6-ethynyl-7-methoxy-2H-chromen-2-one 99, could 
not be synthesized.  
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Scheme 32: Failed synthesis 3-azido-7-methoxy-6-(trimethylsilyl)-2H-chromen-2-one 98 
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The Pd/Cu catalyzed coupling reactions of 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 
with TMS-acetylene were carried out at different reaction conditions as shown in Table 3 under 
inert atmosphere. Each entry was monitored by TLC to follow the course of the reaction. 
However, none of these reactions produced the desired product. In some entries, only the starting 
material was isolated while in others a dark brown crude material, which could not be 
characterized, was obtained. 
 
Table 3: Attempted catalyzed coupling reactions of 3-azido-6-bromo-7-methoxy-2H-chromen-2-
one 97 with TMS-acetylene using Pd/Cu systems. 
  
Entry Base Catalyst Temp (°C) Time (h) Yield  
1 TEA
a
 PdCl2(PPh3)2/ CuI 100 24 No product 
2 DIPEA
b
 PdCl2(PPh3)2/ CuI 100 24 No product 
3 TEA
a
 PdCl2(PPh3)2/ CuI 25 36 No product 
4 TEA
a,c
 Palladium acetate/ CuI 100 24 No product 
5 DIPEA
b,c
 Palladium acetate/ CuI 100 24 No product 
6 TEA
a,c
 Palladium acetate/ CuI 25 36 No product 
 
a
 Conditions: TEA used as base cum solvent,  
b 
Conditions:
 
CH3CN used as solvent 
c
Conditions:        
Triphenylphosphine used. 
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2.2  STEP GROWTH POLYMERIZATION OF 3-AZIDOCOUMARIN-
ALKYNE FUNCTIONALIZED MONOMERS. 
 
Copper-catalyzed Huisgen’s 1,3–dipolar cycloaddition of azides with terminal alkynes to form 
exclusively 1,2,3-triazole rings has recently been used  in the synthesis of large molecules (or 
polymers) due to its high conversion rate and mild reaction conditions.
16,17,19,35
 Different 
polytriazoles have thus been prepared from α-azido-ω-alkyne monomers via click reactions of 
azides and alkynes in different reaction conditions.
43,75
 The monomer units are linked to each 
other in the polymer chain by 1,4-disubstituted 1,2,3-triazole rings formed through the CuAAC 
1,3-dipolar cycloaddition between the monomeric azide and terminal acetylene functionalities.  
Cu(I) is introduced either as preformed complex or otherwise generated in situ from CuSO4 in 
the presence of a ligand and  sodium ascorbate as  reducing agent.  
 In this section, fluorescent polymers with a coumarin backbone, joined by 1,2,3-triazole units 
were synthesized, using Cu(I) catalyzed 1,3-dipolar cycloaddition A-B step growth click 
polymerization of non-fluorescent 3-azidocoumarin-alkyne derivatives. The results will be 
discussed with emphasis on the polymerization conditions, characterization and the investigation 
of properties such as solubility, molecular weight, thermal stability and fluorescence. 
Lastly, the co-polymerization of 3-azidocoumarin-based monomer with aliphatic azide and 
terminal alkyne functionalized monomer will be investigated, with attention being given to the 
influence of the non-coumarin based co-monomer on polymer properties.  
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2.2.1 Homo-polymerization of 3-azidocoumarin-alkyne derivatives 
 
2.2.1.1   3-Azido-7-(prop-2-ynyloxy)-2H-chromen-2-one-based PTA  
 
Following a procedure developed by Wang and co-workers
75
 for the 1,3-dipolar cycloaddition of 
3-azidocoumarins with acetylenes, PTA 100 was synthesized according to Scheme 33.  A 
mixture of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83, CuSO4, NaAsc and PMDETA in 
THF was stirred at room temperature for 24 h. The THF was thus removed under reduced 
pressure followed by washing with water to remove the Cu/NaAsc.  The crude polymer was 
obtained by filtration under vacuum. To remove unreacted monomer, the crude polymer was 
dissolved in THF and precipitated twice with diethyl ether to obtain PTA 100 as a brown solid in 
57% yield. 
 
n
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Scheme 33: Click polymerization of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one. 
 
A slight increase in the yield of PTA 100 was observed on changing the solvent to DMF at 25 
°C, as shown in the Table 4 below (entries 1 and 2). This increase in the yield could be attributed 
to the observed improvement in the solubility of the polymer in DMF. However, increasing the 
reaction time to 72 h and the reaction temperature to 40 °C, did not improve on the yields (Table 
4; entries 3, 4 and 5).  Although reports in the literature show that the use of organosoluble 
catalysts of copper such as Cu(PPh3)3Br
43,80 
and CuI
81
 to mediate the click polymerization 
processes in non-aqueous reaction media afford polytriazoles in high yields, only a slight 
improvement  in the polymer yield was observed when CuBr was used as catalyst (Table 4; entry 
6).  To avoid oxidation of Cu(I) to Cu(II) by oxygen, the reactions were degassed by  the freeze-
thaw method (3 cycles) and flushed with argon to maintain an inert environment. 
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Table 4: Reaction conditions employed for the synthesis of PTA 100 
 
 
Although polymer 100 showed poor solubility in most organic solvents, it was partially soluble in 
DMSO in which 1H NMR spectroscopic analysis was performed to confirm the structure.  Figure 
23 shows the 
1
H NMR spectra for PTA 100 (b) and its monomer 83 (a). The proton signal 
observed at 8.81-8.63 ppm was assigned to the triazole ring -CH proton. The downfield shifted 
4-H proton signal of the polymer was also observed in this region. The signal of the methylene 
protons adjacent to the alkyne functionality of the monomer was progressively shifted downfield 
from 4.91 ppm in the monomer 
1
H NMR spectrum to 5.44-5.26 ppm in the polymer spectrum, 
where it appeared as a broad peak. These shifts are due to deshielding effect of the triazole ring 
which is absent in the starting monomer. The broad signal between 7.89-7.65 ppm was assigned 
to 6-H of the polymeric coumarin moiety while 5-H and 4-H signals were observed between 
7.39-6.86 ppm.  
 
The structure of the homopolymer 100 was further confirmed by FT-IR spectrum (Figure 24) 
which showed the disappearance of both the monomeric terminal alkyne (3387 cm
-1
) and azide 
(2180 cm
-1
) signals in the polymer spectrum. These functional groups were thus successfully 
utilized in the formation of the triazole ring in the polymer. However, the expected N=N 
stretching usually observed at 1650 cm
-1
, could not be singled out in the IR spectrum of  PTA 
100 shown in Figure 24 due to overlapping from the coumarin moiety C=C and C=O stretches in 
this region. 
Entry Catalytic system Solvent system Time  (h) Temp  (°C)    % yield 
(PTA 100) 
1 CuSO4/NaAsc/PMDETA THF/H2O (20:1) 24 rt 57  
2 CuSO4/NaAsc/PMDETA THF/H2O (20:1) 72 rt 59 
3 CuSO4/NaAsc/PMDETA DMF/H2O (20:1) 24 rt 60 
4 CuSO4/NaAsc/PMDETA DMF/H2O (20:1) 72 rt 60 
5 CuSO4/NaAsc/PMDETA DMF/H2O (20:1) 24 40 60 
6 CuBr/PMDETA DMF 24 40 75 
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Figure 23:  
1
H NMR spectra of monomer 83 (a) and PTA 100 (b) in DMSO-d6 
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Figure 24: 
 
FT-IR spectra of PTA 100 and monomer 83 
 
 
2.2.1.2 Synthesis of spacer-containing polytriazoles  
 
The PTA 100 initially synthesized was unfortunately insoluble in most organic solvents (Table 5). 
This hampered the synthesis, characterization and investigation of its properties. Its poor 
solubility was possibly due to pi-stacking (attractive, non-covalent interactions between aromatic 
rings), the coumarin backbone rigidity, together with poor hydrogen-bonding of the triazole ring. 
This phenomenon was also observed by Drockenmuller et al.
43 
during their click synthesis of 
PTA’s with an aromatic (benzene) backbones from 4-(2-propynyloxy)benzyl azide. 
 
In an attempt to overcome the solubility challenges of the PTA’s, substituent modifications on 
the coumarin monomer structure during its synthesis was necessary to introduce groups that 
would improve and/or enhance the solubility properties of the resultant PTA’s.  Such coumarin 
monomer substituent modifications included the incorporation of spacers,
82  between the 
coumarin group and the alkyne functionality in the monomer. The incorporation of spacers 
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increases the hydrocarbon chain length between the triazole moiety and the coumarin backbone 
and was hence expected to improve the lipophilicity of the polymers. Two PTA’s 101 and 102 
were then synth- esized from the modified monomers 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-
one 86 and 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-2-one 88, respectively, following 
the procedure described previously (Table 4, entry 1) for Cu(I) catalyzed step-growth 
polymerization using the CuSO4/NaAsc./PMDETA catalytic system in THF/H2O (20:1). After 
work-up followed by precipitation in diethyl ether, the polymers 101 and 102 were obtained as 
brown solids in good yields of 59% and 55%, respectively. 
 
Sodium ascorbate, 5 mol %
CuSO4 . 5 H2O, 10 mol %
THF/H2O (20:1), rt, 24 h
N
N N n
O
spacer
86
O O
N3
OO O
101  
 
Sodium ascorbate, 5 mol %
CuSO4 . 5 H2O, 10 mol %
THF/H2O (20:1), rt, 24 h n
OO
O
O
N3
OO O
N
N
N
O
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88
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Scheme 34: Synthesis of PTA 101 and 102 
 
 
The structures of polymers 101 and 102 were confirmed by 
1
H NMR and IR spectroscopy. 
Figure 25 below illustrates the assignment of proton signals in the 
1
H NMR spectrum for 
polymer 101. The signal observed at 8.43-8.41 ppm was assigned to the triazole ring methine 
proton. The broad polymeric coumarin moiety signals were observed in similar shifts as in the 
monomer. The polymeric 1’-CH2, 2’-CH2 and 4’-CH2 signals were also observed as broad peaks 
at 4.08-3.87 ppm, 1.98-1.83 ppm and 2.30-2.15 ppm, respectively.  The FT-IR spectra for the 
polymers 101 and 102 showed the disappearance of both monomeric azide and terminal alkyne 
stretch frequencies due to the formation of the triazole ring in the polymer.  Once again, due to 
overlap from the C=O and C=C stretch frequencies, the triazole ring stretch frequencies could 
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not be  singled out as shown in Figures 26 (a) and (b) below for the  FT-IR spectra of PTA 101 
and 102 and their monomers 86 and 88, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
         
Figure 25: 
 1
H NMR spectra of monomer 86 (a) and PTA 101 (b) in CDCl3 
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Figure 26: FT-IR spectra of a) PTA 102 and monomer 88, and b) PTA 101 and monomer 86 
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2.2.1.3 Synthesis of 1-azido-11-(prop-2-ynyloxy)undecane based PTA 
 
Following a previously described procedure for the CuAAC mediated A-B step growth 
polymerrization (Table 4, entry 1), the PTA 103 was synthesized using 1-azido-11-(prop-2-
ynyloxy)undecane monomer  91, CuSO4.5H2O, NaAsc and PMDETA in aqueous THF according 
to scheme 35. After work-up and precipitation from diethyl ether, the polymer 103 was obtained 
as a white powder in 74% yield. 
 
Sodium ascorbate, 5 mol %
CuSO4 . 5 H2O, 10 mol %
THF/H2O (20:1), rt, 24 h91 103
O N
N N
O N3
n
 
                                         
 Scheme 35: Synthesis of PTA 103 
 
Once again, the NMR and FT-IR spectra were used to confirm the structure of polymer 103. The 
presence of the triazole ring methine proton resonating at 7.64-7.45 ppm was evident in the 
1
H 
NMR spectrum for the polymer as shown in Figure 27, and the absence of the monomer terminal 
alkyne signal observed at 2.41 ppm in the 
1
H NMR monomer spectrum (Figure 16),
 
confirmed 
the formation of the polymer. Its observed that are the signals of the methylene groups adjacent 
to the alkyne and azide functionalities are progressively shifted downfield to 4.26 ppm and 4.54 
ppm, respectively, due to deshielding by the triazole ring next to these protons.  
 
The click polymerization of monomer 91 was also confirmed by the appearance of the 
characteristic signal of the triazole ring carbon signals on the 
13
C NMR spectrum for the polymer 
103. The triazole ring C-1’ and C-2’ signals were observed at 122.08 ppm and 145.45 ppm, 
respectively, as shown on the 
13
C NMR spectrum for the polymer 103 (Appendices, Figure A10).  
These signals were not observed in the 
13
C NMR spectrum for monomer 91. 
 
A similar pattern in the FT-IR spectra to polytriazoles 100, 101 and 102 was also observed in the 
FT-IR spectrum for the polytriazole 103 [Figure 28 (b)] which showed the disappearance of the 
monomeric terminal alkyne and azide stretching frequencies at 3400 and 2100 cm
-1
, respectively, 
as well as the appearance of the triazole stretch frequency at 1650 cm
-1
.  
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Figure 27: 
 1
H NMR spectra of monomer 91 (a) and PTA 103 (b) in CDCl3 
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Figure 28: 
 
FT-IR spectra of PTA 103 and its monomer 91. 
 
 
 
2.2.2  Co-polymerization of coumarin monomer with aliphatic co-monomer 
 
Co-polymerization introduces desirable groups (through co-monomers) into the polymer chain 
that modify and/or adjust polymer properties such as the crystallinity, solubility and thermal 
properties.
43 Once again, in an attempt to improve the solubility of PTA 100 by lowering  inter-
chain cohesion, rigidity and aromaticity in the chain backbone, aliphatic co-monomer     1-azido-
11-(prop-2-ynyloxy)undecane 91 was used. Three co-polymers containing different amounts of 
3-azido-7(prop-2-ynyloxy)-2H-chromen-2-one 83 and 1-azido-11-(prop-2-ynyloxy)undecane 91 
were synthesized according to Scheme 36 by the click polymerization procedure described 
earlier using CuSO4.5H2O, NaAsc and PMDETA in aqueous THF. 
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Scheme 36: Synthesis of co-polymers 
 
 
The 
1
H NMR analysis of the co-polymers showed comparable spectra. However, two signals 
were observed at each of the expected triazole rings and the methylene protons adjacent to the 
triazole rings.
  
In the 
1
H NMR spectrum for copolymer 106 shown in Figure 29, the proton signal 
of the triazole ring next to the coumarin moiety in the polymer chain is observed as a broad peak 
between 8.73-8.61 ppm, while the adjacent methylene protons signal resonates between 5.53-
5.15 ppm. The proton signal of the triazole ring next to the aliphatic moiety is observed between 
8.56-8.45 ppm while the adjacent methylene signal is observed between 4.79-4.59 ppm.  The 
proton resonances of the polymeric coumarin and aliphatic moieties, though broad and 
overlapping, are observed with similar shifts as the corresponding monomers.  Similar signals 
were observed in the 
1
H NMR spectra of co-polymers 104 and 105 shown in the appendices 
(Figures C2 and C1 respectively).  
 
The FT-IR analysis of the co-polymers also confirmed the disappearance of the monomeric azide 
and terminal acetylene stretches due to the formation of the triazole ring as shown in Figure 30. 
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Figure 29: 
 1
H NMR spectrum of monomers 91 (a) and 83 (b), and copolymer 106 (c) in CDCl3  
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Figure 30: 
 
FT-IR spectra of co-polymer 106 and monomers 83 and 91 
 
Although the sequence of the monomer in the polymer backbone (chains) could not be verified 
as we expected the two monomers to have different reactivities, the ratio of the monomers in the 
copolymer chain was calculated from the integrals or peak heights of the proton signals of the 
triazole rings corresponding to the two co-monomers in the 
1
H NMR spectra of the copolymers. 
Figure 31 shows the integrals of the two different triazole ring proton signals for co-polymers 
105 (a) and 106 (b). The broad signals which were observed between 8.73-8.61 ppm and 8.56-
8.45 ppm are assigned to the protons of the triazole rings corresponding to the coumarin-based 
monomer and aliphatic co-monomer, respectively, in the polymer chain. Although these signals 
are broad and overlapping with each other, the ratio calculated for these integrals was found to 
generally correlate with the feeding mole ratio for PTA 104 as shown in Table 5.   
However, in PTA 105 and 106 the amount of aliphatic co-monomer was found to be more than 
double the amount of the coumarin monomer, irrespective of the increase in the feeding amounts 
of the monomers at the start of polymerization. This observation confirmed the expected 
differences in the reactivity rates of the two co-monomers towards the 1,3-dipolar cycloaddition. 
The aliphatic co-monomer was consequently more reactive than the coumarin co-monomer. 
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Figure 31: Partial 
1
H NMR spectra of co-polymers 105 (a) and 106 (b) showing the integrals of 
the triazole proton signals.  
 
Table 5: Monomer composition in PTA chain 
Copolymer Monomer feeding 
Ratio. 
 
Coumarin  :   Aliphatic 
  monomer         monomer 
Ratio of monomer units in 
PTA chain determined from 
1
H NMR. 
          Coumarin  :   Aliphatic  
           monomer       monomer 
Coumarin monomer 
units in    PTA chain 
(%) 
 
Calculated from NMR  
104 1: 3 1 : 3.44 22 
105 1: 1 1: 2.91 25 
106 3: 1 1: 1.88 34 
 
 
a) b) 
X2 
X1 X2 
X1 
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2.2.3  Solubility studies of the polymers 
 
Solubility was determined by dissolving the same amounts of polymers in different solvents at 
room temperature. The spacer-containing PTAs 101 and 102 showed slight improvements in 
solubility when compared to PTA 100 in DMF, DMSO, CHCl3 and THF. The spacers were added 
so as to separate the rigid planar coumarin rings from the triazole moieties. This lowered inter-
chain cohesion (π-stacking), thus enhancing the hydrogen bonding ability of the polymers, and 
hence the observed improvement in the solubility compared to PTA 100, which was partially 
soluble in DMSO and DMF as shown in the Table 6..  
 
Figure 32 (a) and (b) shows the computed molecular modeling structures for polymer 100 and 
101 at the PM3 level of approximation, with five repeating units, respectively. The structure 
reveals a separation of the aromatic triazole rings and coumarin moieties in the chains of PTA 
101 by the spacer (containing four methylene units) with both the coumarin and triazole rings on 
the same plane.  The increased distance between the triazole ring and coumarin moieties, as a 
result of the introduction of bridging methylene groups, reduces the π-π interaction, while 
improving the hydrogen bonding capacity of the polymer, making the polymer more soluble.  
This is different for polymer 100 in which the aromatic triazole rings and coumarin moieties are 
in close proximity as shown in Figure 32 (a). This proximity permits π-π interaction between the 
triazole ring and coumarin moiety, leading to the observed poor solubility.    
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Figure 32: Computed structures of partial PTA chains (a) 100 and (b) 101. 
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The inclusion of an aliphatic co-monomer improved the solubility of the polymers, as expected. 
However, their solubility reduces with the increasing amount of the coumarin monomer in the 
co-polymer chain as shown in Table 6. This is due to increasing rigidity and π-stacking with 
increasing amounts of coumarin co-monomer units in the co-polymer chain, which leads to poor 
hydrogen bonding. The aliphatic PTA 103 was completely soluble in both polar and non-polar 
solvents such as DMF, DMSO, THF and CHCl3. 
 
Table 6: Solubility of polymers in different solvents at room temperature 
 
Polymer DMSO DMF DMA THF CH3Cl 
100 ps ps ps in in 
101 s s s ps in 
102 ps ps ps ps in 
103 s s s s s 
104 s s s ps ps 
105 s s s ps ps 
106 s s ps ps ps 
  
ps = Partially soluble, s = Soluble, in = Insoluble. 
 
2.2.4  Gel permeation chromatography (GPC) analysis. 
 
Gel permeation chromatography (GPC) was performed using DMA as eluant at 40 °C to 
determine the number average molecular mass (Mn), weight average molecular mass (Mw) and 
polydispersity indices (PDI) of the synthesized polymers. Table 7 below shows a summary of 
Mn, Mw and PDI values obtained by GPC calibrated with linear PMMA standards, while GPC 
chromatograms at a concentration of 1.0 × 10
-4 
M are shown in Figures 33 and 34 respectively. 
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An increase in Mn values, which describes the average polymer chain length, was observed from 
polymer 100 to the spacer containing polymers 101 to 102. Compared to polymer 100, which 
showed the lowest Mn value, the increase in the Mn values of the spacer containing polymers 101 
and 102 can be attributed to the improved solubility. As explained earlier in section 2.2.2 (Table 
3), the improved solubility translated into the synthesis of longer polymer chains (of  higher Mn 
values) as more monomers were added to the soluble growing polymer chains in the reaction 
mixture during polymerization, unlike PTA 100, where short chains agglomerated and 
precipitated in the reaction mixture due to poor solubility. This prevented further addition of the 
monomer into the chains, hence the observed low Mn value.  Polymer 103 showed the highest Mn 
and Mw values due to high solubility. 
 
Table 7: Summary of the GPC results for the synthesized PTAs at 40 °C in DMA. The 
concentrations were 1.0 × 10
-4 
M 
 
POLYMER Mn (g/mol) Mw  (g/mol) PDI  (Mw / Mn) 
100 2600 5300 1.98 
101 5200 9500  1.83 
102 2700 5000 1.82 
103 173800 336500 1.93 
104 165500 345300 2.08 
105 5800 36700 6.28 
106 2800 5500 1.89 
 
The GPC results for the co-polymers show an increase in Mn and Mw values with the reduction in 
the amount of coumarin co-monomer. Co-polymer 104 which contains the lowest amount of 
coumarin co-monomer of 22%, as calculated from 
1
H NMR spectroscopy signals (Table 5), 
shows the highest Mn and Mw values compared to co-polymers 105 and 106. Co-polymer 106 
which contains the highest amount of coumarin co-monomer (34%) shows the lowest Mn value 
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as shown in Table 7. Once again, these observations could be attributed to low solubility of 
polymer 106 in DMA compared to polymers 104 and 105. 
 
 
Figure 33: GPC chromatograms for homo-polymers 100-103 conducted at 40 °C in DMA 
(concentration 1.0 × 10
-4 
M). 
 
 
 
Figure 34: GPC chromatograms for co-polymers 104 and 106 conducted at 40 °C in DMA 
(concentration 1.0 × 10
-4 
M) 
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It is observed that the synthesized polymers have a wide range of molecular masses, since the 
ratio of Mw to Mn, polydispersity indices (PDI) are greater than one. The PDI values range 
between 1.82 and 2.08. However, an exceptionally high PDI value of 6.28 is observed for co-
polymer 105 as shown in table 7. 
 
 
2.2.5  Thermogravimetric analysis (TGA) of the polymers  
 
Thermal degradation of the polymers was studied at a heating rate of 10 °Cmin
-1
 in nitrogen 
atmosphere between 25 °C and 600 °C to evaluate the thermal stability of the synthesized 
polymers, and the effect of aliphatic co-monomer and spacers in adjusting the polymer thermal 
prop- erties. The thermogravimetric (TG) curves are shown in Figure 35, and the derivative 
(DTG) curves are shown in Figures 36-39 and Appendices (Figures B1-B3). 
 
 
  
Figure 35: TG curves for polymers at a heating rate of 10 °Cmin
-1
 in nitrogen atmosphere. 
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Although multiple mass loss stages corresponding to the degradation reaction for the polymers 
were observed, the first major degradation temperatures for PTA’s 100, 101, 102, 103, 104, 105 
and 106 determined from the DTG curves were 270, 200, 330, 398, 290, 301 and 290 °C, 
respectively. In comparison, it was observed that PTA’s 102, 103 and 105 showed higher 
thermal resistance and/or stability due to their high major degradation temperatures of above 300 
°C. However, PTA 103, which showed the highest major degradation temperature at 398 °C, was 
the most stable. 
 
Considering the residual mass percentage at 600 °C, the influence of the spacers and aliphatic co-
monomer in the thermal properties of the polymers is illustrated.  PTA 100 has residual mass of 
56% compared to the spacer containing PTA 101 and 102 which  show slightly reduced residual 
masses of 50% and 43%, respectively, due to reduction in rigidity by the spacers.     
 
For the co-polymers, it is observed from the TG curve above that the loss of weight varies 
significantly with the initial monomer combinations.  Co-polymers 105 and 106 which contain 
more coumarin co-monomer mole percentage in their structures, show high amounts of residual 
mass of 52% and 45%, respectively, compared to 15% residual mass for aliphatic homo-polymer 
103 and 30% for polytriazole 104 which contained the highest amount of aliphatic co-monomer 
in its structure. The aliphatic co-monomer effectively reduced the rigidity of the polymers, hence 
the observed changes in the thermal properties of the co-polymers. 
 
 
 
 Figure 36: Thermogravimetric (          ) and DTG (- - - -) curves for PTA 101 at a heating rate of 
10 °C min
-1
 in nitrogen atmosphere. 
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 Figure 37: Thermogravimetric (           ) and DTG (- - - -) curves for PTA 103 at a heating rate    
of 10 °C min
-1
 in nitrogen atmosphere 
 
 
 
 
 
 Figure 38: Thermogravimetric (           ) and DTG (- - - -) curves for PTA 104 at a heating rate of 
10 °C min
-1
 in nitrogen atmosphere. 
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Figure 39: Thermogravimetric (          ) and DTG (- - - -) curves for PTA 106 at a heating rate of 
10 °C min
-1
 in nitrogen atmosphere. 
 
 
2.2.5  Photophysical properties of the coumarin-derived monomers and 
polymers 
 
Coumarin compounds which consist of π-conjugated systems in their structures are one of the 
most versatile families of fluorescent probes which exhibit sufficient and tuneable fluorescence 
properties in a visible light range.
83
 Their fluorescence shows a broad range of responses and 
sensitivity to various properties of the local environment, including solvent polarity, 
polarizability, microviscosity, hydrogen bonding potential and pH, which endows them with 
fascinating and unique photophysical properties.
84-88
 The effect of substituents attached to the 
coumarin backbone/chromophore on fluorescence has also been investigated. In the late 1950s, 
Wheelock et al. showed that various substituents on the coumarin structure may shift the 
fluorescence band or increase the intensity.
89
 For example, adding a methyl group at the 4-
position of 7-hydroxy- or 7-methoxy-coumarin shifts the fluorescence spectra to longer 
wavelength. Wheelock’s results showed that addition of electron-donating groups in the 4-, 6-, or 
7- positions or electron-withdrawiing groups at the 3-position as shown in Figure 40, shifts the 
fluorescence band to longer wave- lengths. 
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Figure 40:  Coumarin chromophore. 
 
Jones and co-workers studied the effect of changing the solvent polarity on the fluorescence of 
coumarin derivatives.
90
 They observed that increasing solvent polarity red-shifts the absorbance 
due to increased hydrogen bonding. In a similar study, Sharma et al. studied the excited state 
properties of 4- and 7-substituted coumarin derivatives, such as 7-alkoxycoumarins and 7-
hydroxycoumarins,
91
 and observed that solvent polarity shifts both the emission and absorption 
maxima, with a greater shift observed in the emission spectra which indicated that the excited 
state dipole moment of the solute molecule was greater than the ground-state dipole moment. 
These coumarin derivatives, unlike 7-aminocoumarins which show highest fluorescence in non-
polar solvents, exhibit different polarity-dependent fluorescence; their fluorescence intensity 
increases with increasing polarity of the solvent, but with negligible spectral shift.
83
 
 
 
2.2.5.1 UV–vis absorption spectra of coumarin containing monomers and polymers 
 
The UV-vis absorption of the monomers and polymers were determined and compared in DMF at 
room temperature. The absorption spectra of the homo-polymers and monomers taken at the 
same concentration of 1.0×10
-4
M are shown in Figure 41. Although they all absorbed at λ max 340 
nm, they show different absorptivities due to differences in solubility. The more soluble PTA 
101, whose solubility was adjusted by a spacer, has the highest absorptivity. PTA 100, which 
was poorly soluble, exhibited the lowest absorptivity among the homo-polymers. The monomers 
83, 86 and 88 show weak UV-vis absorption intensities, due to the quenching effect of the azide 
group, as expected.
75 
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Figure 41: Absorption spectra of the homo-polymers 100-102, and monomers 83, 86 and 88 in 
DMF at 25 °C. The homo-polymer and monomer concentrations were 5.0 × 10
-4
 M. 
 
The co-polymers, similar to the homo-polymers, absorbed at a maximum wavelength 340 nm in 
the UV-vis light range as shown in the Figure 42.  Depending on the amount of coumarin in the 
co-polymer, they exhibit different absorptivities which increase with the increasing amount of 
the coumarin co-monomer in the PTA chains. Co-polymer 106, which contains the highest 
amount of the coumarin, shows higher absorption when compared to co-polymers 105 and 104.  
Co-polymer 104 shows the lowest absorptivity due to the low chromophore (coumarin) content 
in the PTA structure. 
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Figure 42: Absorption spectra of the copolymers 104-106 in DMF at 25 °C. The co-polymer 
concentrations were 5.0 × 10
-4
 M. 
 
 
2.2.5.2 Fluorescent properties of the coumarin-containing monomers and polymers 
 
The fluorescence of the synthesized monomers and their corresponding PTAs were obtained in 
DMF at room temperature as shown in Figures 43 and 44. The monomer and polymer solutions, 
at the same concentrations of 1.0×10
-4
 M were excited at 350 nm. The monomers showed no 
fluorescent properties as expected, due to the quenching effect from the azide functionalities in 
the coumarin backbone.
75 
The homo-polymers showed the characteristic fluorescent peak of the 
coumarin chromophore at 413 nm, as shown in Figure 43. The increase in the fluorescent 
intensities observed from PTA 100 to PTA 101 was partly due to the differences in the PTA’s 
solubility, which determined the amount of emitting chromophores in solution. PTA 101 and 
PTA 102 had comparable solubility in DMF (Table 6); however, polytriazole 101 showed 
stronger fluorecence intensity than the polytriazole 102. This might have been caused by the 
quenching effect from the extra oxygen atom present in the structure of PTA 102.  
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Figure 43: Fluorescence spectra of homo-polymers 100, 101 and 102, and monomers 83, 86 and 
88 in DMF at 25 °C. The concentrations of the polymers and monomers were 1.0 × 10
-4
 M and 
the excitation wavelength was 350 nm. 
 
The fluorescent intensities of the co-polymers at the same concentration of 1.0 × 10
-4
 M were 
observed to increase with increasing amount of the coumarin co-monomer (chromophore) in the 
co-polymer chains as shown in Figure 46. Co-polymer 106, containing the highest amount of 
coumarin co-monomer (34% as shown in Table 5), showed a higher fluorescent intensity when 
compared to co-polymers 105 and 104 which contain less coumarin co-monomer in their 
structures (25% and 22%, respectively, as shown in Table 5). Co-polymer 104 showed the 
weakest fluorescent intensity due to the low chromophore (coumarin) content in its structure.  
 
Compared to the homo-polymers, which emitted at a maximum wavelength of 413 nm, the co-
polymers emitted at a slightly longer wavelength of 421 nm. This bathochromic shift in the 
fluorescence observed between homo-polymers and co-polymers is presumably due to the effect 
of the aliphatic non-fluorescent co-monomer. 
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Figure 44: Fluorescence spectra for copolymers 104, 105 and 106 in DMF at 25 °C. The 
concentration of the co-polymers was 1.0 × 10
-4
 M and excitation wavelength was 350 nm. 
 
 
Differences (in wavelength or frequency units) between positions of the band maxima of the 
absorption and the corresponding emission (fluorescent) spectra of the same electronic 
transitions (called Stokes shifts),
92
 were observed as illustrated in Figures 45 and 46 for homo-
polymer 101 and co-polymer 106, respectively.  The observed Stokes shifts could be explained 
by the fact that all polymers emitted at a longer wavelength (less energy) as some energy of the 
excited chromophore is lost through molecular vibrations that occur during the brief lifetime of 
the molecules at the excited state. This energy is dissipated as heat to surrounding solvent 
molecules as they collide with the excited chromophore.  A Stokes shift of 81 nm for the co-
polymer 106 was observed since the emission occured at a longer maximum wavelength of lower 
energy (421 nm) than the absorbed radiation at 340 nm. A similar trend was also observed in the 
absorption and fluorescent spectra of the homo-polymer 101 which absorbed at 340 nm and 
emitted at a longer wavelength of 413 nm showing a Stokes shift of 73 nm. 
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Figure 45:   Stokes shift for polymer 101 in DMF at 25 °C. The concentration of the PTA was 
1.0 × 10
-4
 M 
 
 
Figure 46: Stokes shift for copolymer 106 in DMF at 25 °C. The concentration of the co-
polymers was 1.0 × 10
-4
 M 
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3.  CONCLUSIONS AND FUTURE WORK 
 
 
This study focused on the use of click A-B step-growth polymerization for the synthesis of 
coumarin-based fluorescent polymers. Different PTA’s were successfully synthesized using the 
Cu(I) catalyzed 1,3-dipolar azido-alkyne cycloaddition reactions (CuAAC). The monomer units 
in the polymer chains were linked by 1,4-disubstituted 1,2,3-triazole rings.  
The required azide-terminal alkyne functionalized coumarin monomers were synthesized in 
multiple steps from 2,4-dihydroxybenzaldehyde.  The ring closure of the coumarin backbone was 
achieved using Perkin condensation reaction. 
The A-B step growth polymerization of the synthesized monomers was done using either CuSO4 
or CuBr as a source of Cu(I) species. PTA 100, synthesized from 3-azido-7-(prop-2-ynyloxy)-
2H-chromen-2-one (monomer 83) exhibited poor solubility in most organic solvents. As a result 
monomer modification was necessary in order to improve solubility. 
Monomer modification as to improve the solubility of PTA 100 was achieved by incorporating 
spacers (methylene groups) between the coumarin backbone and the terminal alkyne moieties.  
The presence of these spacers led to an improvement on the solubility which was attributed to a 
reduction in π-stacking as a result of separating the interacting aromatic units on the polymer 
chains.  
On the other hand, three coumarin-based co-polymers were also prepared using the aliphatic co-
monomer.  The copolymers differ by the number of coumarin units in the polymer which were 
separated by aliphatic units. Slight improvements in solubility were observed and this 
improvement correlated with the amount of aliphatic monomer in the polymer.   
The photophysical properties of the polymers were investigated. Both the homo- and copolymers 
absorbed at the same maximum wavelength of 340 nm which is characteristic of the coumarin 
chromophore. However, the homo-polymers 100-102 emitted at maximum wavelength of 413 
nm, while the co-polymers emitted at longer maximum wavelength of 421 nm due to the effect 
of the aliphatic co-monomer.  Different absorptivities were observed, indicating that absorption 
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and emission properties of the polymers were affected by solubility and the amount of coumarin 
in the polymer chain. All these factors determined the amount of chromophores in solution and 
the amount of emission. Consequently, poorly soluble polymer 100 showed the lowest 
fluorescence among the homo-polymers. Co-polymer 104, which was highly soluble as a result 
of containing more aliphatic co-monomer, showed little fluorescence due to small number of 
coumarin units in the polymer. Due to higher amounts of coumarin co-monomer in the polymer, 
higher fluorescent intensity was observed for co-polymer 106. 
Future work will include the following: 
 Modification of polymer properties through the introduction of different pendant groups 
into the coumarin backbone. 
 Synthesis of co-polymers from monomers with single cycloaddition functionality. This 
will yield polymers in which the sequence of the monomers in a chain can be 
predetermined. 
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4.  EXPERIMENTAL 
 
 
4.1  GENERAL 
 
All starting materials were purchased from Sigma Aldrich and used as received without further 
purification.  
1
H NMR and 
13
C NMR spectra were recorded on a Bruker Avance DPX 400 
spectrometer (400 MHz) in CDCl3 or DMSO-d6 at room temperature.  Coupling constants (J) are 
given in Hz, while chemical shifts are expressed in parts per million (ppm) using TMS as 
internal reference. FTIR spectra were taken on a Bruker TENSOR 27 FT-IR spectrometer.  
Column chromatography was performed using Merck silica gel (particle size 0.040-0.063 mm, 
230-400 mm mesh). Thin layer chromatography (TLC) analyses were performed on precoated 
Merck silica gel 60  F254 aluminum sheets and compounds detected by observation under UV 
light and exposure to iodine vapor.  
 
A Stuart SMP 10 melting point apparatus was used to determine melting points, which were 
uncorrected. The UV-Vis spectra were recorded on a Perkin Elmer Lambda 35 UV-Vis 
spectrometer, while emission spectra were taken using Perkin Elmer LS 45 fluorescent 
spectrometer. GPC experiments were performed in DMA at 40 °C and a flow rate of 0.5 
mL/min, using a system equipped with a Waters 410 differential refractometer, PL Gel mixed C 
column (internal diameter 7.8mm, length 30 cm). Number average molecular weights (Mn) were 
calculated using calibration curves obtained from DMMA standards. The thermal gravimetric 
analysis measurements were performed with a TA Instruments STD Q600 at a heating rate of 10 
°C/min under nitrogen purge.  
 
Solvents were purchased from Sigma Aldrich and used as received, except for THF and acetone 
that were dried by boiling under reflux over sodium wire and collected over 4 Å molecular 
sieves. 
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4.2  SYNTHESES 
 
4.2.1  Synthesis of monomers 
 
4.2.1.1 Synthesis of ester-amide coumarin 80  
 
 A mixture of 2,4-dihydroxy benzaldehyde (2.76 g, 20 mmol), N-acetylglycine (2.43 g, 20 mmol) 
and anhydrous sodium acetate (4.92 g, 60 mmol) was heated at reflux under stirring for 4 h in 
100 mL acetic anhydride at 100 °C.  The reaction mixture was then poured onto ice to give a 
yellow precipitate. After filtration, the yellow solid was washed by ice water and dried to afford 
a bright yellow solid as product (2.5 g, 9.01 mmol, 45% yield).
 1
H NMR (CDCl3, 400 MHz)  δH  
8.66 (1H, s, 4-CH), 8.04 (1H, s, NH), 7.51 (1H, d, J = 8.4 Hz, 5-CH), 7.12 (1H, d, J = 2.1 Hz,   
8-CH), 7.07 (1H, dd, J = 8.4 Hz and 2.1 Hz, 6-CH), 2.33 (3H, s, 2’-CH3), 2.22 (3H, s, 2’’-CH3);  
13
C NMR (CDCl3, 100 MHz)  δC 169.37  (C-1’), 168.84 (C-1’’), 158.48 (C-2), 151.37 (C-7), 
150.14 (C-9), 128.36 (C-3), 123.57 (C-5), 122.76 (C-10), 119.11 (C-6), 117.63 (C-4), 110.03  
(C-8),  24.70 (C-2’’), 21.09 (C-2’); m.p. 241-246 °C. 
 
4.2.1.2 Synthesis of 3-azido-7-hydroxy-2H-chromen-2-one 82 
 
In a solution of conc. HCl and ethanol (2:1, 30 mL), the ester-amide coumarin derivative 80 
(5.22 g, 20 mmol) was heated at reflux for 2 h at 80 °C before 40 mL of ice water was added to 
quench the solution. The solution was cooled in an ice bath and NaNO2 (2.76 g, 40 mmol) was 
added. The mixture was stirred for 5-10 minutes, followed by the addition of NaN3 (3.90 g, 60 
mmol) in portions. After stirring for another 15 minutes, the resulting precipitate was filtered off 
and washed with water. The crude product was then purified by column chromatography using 
silica gel eluted with 30% ethyl acetate in hexane, giving after evaporation of solvents under 
reduced pressure a brown solid as product (2.43 g, 12 mmol, 60% yield).  
1
H NMR (DMSO-d6, 
400 MHz)  δH 10.62 (1H,  s,  OH), 7.58 (1H, s, 8-CH), 7.48 (d, J  = 8.5 Hz, 6-CH), 6.81 (1H,  d, 
J = 8.5 Hz, 5-CH ), 6.76  (1H,  s, 4-CH); 
13
C NMR (DMSO-d6,  100 MHz)  δC  162.04  (C-7), 
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158.48 (C-2), 153.45 (C-4), 129.46  (C-9), 128.90 (C-5), 121.61 (C-3), 114.87  (C-10), 112.19 
(C-6), 102.63 (C-8);  max( KBr)/cm
 
3420-3500 (OH), 2180 (N3),  1793 (CO). 
 
4.2.1.3 Synthesis of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83    
 
In dry acetone (50 mL), 3-azido-7-hydroxy-2H-chromen-2-one 82 (4.06 g, 20 mmol), anhydrous 
K2CO3 (2.76 g, 20 mmol), and propargyl bromide (2.97 g, 25 mmol) were refluxed over night at 
80 °C. Acetone was removed by evaporation under reduced pressure after cooling the reaction 
mixture to room temperature. The residue was dissolved in 50 mL of ethyl acetate and washed 
with water (2 × 30 mL). The combined organic layers were dried over Na2SO4 and concentrated 
under reduced pressure to afford a crude product, which was purified by column chromatogra- 
phy, using silica gel eluted with 30% ethyl acetate in hexane, to give the product,  3-azido-7-
(prop-2-ynyloxy)-2H-chromen-2-one 83, as a brown solid. (1.93 g, 8 mmol, 40% yield).  
1
H 
NMR (CDCl3, 400MHz) δH 7.37 (1H, d, J = 8.6 Hz, 6-CH), 7.20 (1H, s, 8-CH), 7.01 (1H, d, J = 
2.2 Hz, 4-CH), 6.99 (1H, dd, J = 8.6 Hz and 2.2 Hz, 5-CH), 4.79 (2H, d, J = 2.3 Hz, 1’-CH), 3.64 
(1H, t, J = 2.3 Hz, 3’-CH,); 13C NMR (DMSO-d6, 100 MHz) δC 159.13 (C-7), 157.09 (C-2), 
153.33 (C-4), 128.81 (C-9), 127.07 ( C-5), 122.65 (C-3), 113.49 (C-10), 113.10 (C-6), 101.66 
(C-8), 78.85 (C-3’), 78.84 (C-2’), 56.09 (C-1’); max(KBr)/cm
-1
 3387 (C≡C-H), 2180 (N3), 2195 
(C≡C), 1793 (CO), 1690 (C=C); m.p. 131-138 °C. 
 
4.2.1.4 Synthesis of 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86    
 
The method described for the synthesis of  3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one  83 
was followed using a mixture  of  3-azido-7-hydroxy-2H-chromen-2-one 82 (4.06 g, 20 mmol), 
anhydrous K2CO3 (2.76 g, 20 mmol), and 1-hydroxy-6-hexyne ( 5.20 g, 25 mmol). Work up and 
chromatographic purification using silica (elution with 25% ethyl acetate in hexane)  afforded  
the product, 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86, as a brown solid  (2.54 g, 9 mmol 
45% yield ).
 1
H NMR (CDCl3, 400 MHz)  δH  7.23 (1H, d, J = 8.5 Hz, 6-CH), 7.09 (1H, s, 8-CH) 
6.77 (1H, dd, J = 8.5 Hz and 2.0 Hz, 5-CH), 6.75 (1H, d, J = 2.0 Hz, 4-CH), 3.97 (2H, t, J = 6.2 
Hz, 1’-CH2), 2.24-2.20 (2H, m, 4’-CH2), 1.91-1.84 (3H, m, 6’-CH and 2’-CH2), 1.69-1.62 (2H, 
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m, 3’-CH2);
 13
C NMR (CDCl3, 100 MHz)  δC 161.21 (C-7),  153.03 (C-2), 143.43 (C-4), 128.06 
(C-9), 126.41 (C-5), 123.26 (C-3), 113.65 (C-10), 112.55 (C-6), 101.18 (C-8), 83.80 (C-5’), 
68.84 (C-6’), 68.01 (C-1’), 27.99 (C-2’), 24.89 (C-3’), 18.12 (C-4’); max(KBr)/cm 3360  (C≡C-
H), 2110 (N3), 2150 (C≡C), 1710 (CO), 1690 (C=C). 
                                  
4.2.1.5 Synthesis of 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-2-one 88  
 
In dry acetone (50 mL) 3-azido-7-hydroxy-2H-chromen-2-one 82 (4.06 g, 20 mmol), anhydrous 
K2CO3 (2.76 g 20 mmol), and 1,2-dibromoethane (4.69 g, 25 mmol) were heated at reflux for 24 
h at 80 °C before propargyl alcohol (1.40 g, 25 mmol) and anhydrous K2CO3 ( 3.45 g, 25 mmol)  
were added and the mixture stirred another 24 h under reflux at 80 °C. Acetone was removed by 
evaporation under reduced pressure after cooling the reaction mixture to room temperature. The 
residue was dissolved in 50 ml of ethyl acetate and washed with water (2 x 30 ml). The organic 
layer was combined were dried over Na2SO4 and concentrated under reduced pressure to afford a 
crude product, which was purified by column chromatography eluting with 30% ethyl acetate in 
hexane and ethyl acetate, giving the product, 7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-
chromen-2-one 88, as a light brown solid after evaporation of the solvents under reduced 
pressure (2.28 g, 8 mmol, 40% yield). 
1
H NMR (d6-acetone, 400 MHz)  δH  7.56 (1H, s, 4-H), 
7.37 (1H, d, J = 8.2 Hz, 5-H), 6.91 (1H, d, J = 8.2 Hz, 6-H), 6.81 (1H, s, 8-H), 4.98 (2H, s, 1’’-
CH2),  4.42 (2H, t, J = 2.3 Hz, 1’-CH2), 3.81 (2H, t, J = 2.3 Hz, 2’-CH2), 2.79 (1H, s, 3’’-H);  
13
C 
NMR (CDCl3, 100 MHz)  δC  157.15 (C-7), 155.97 (C-2), 152.67 (C-4), 150.28 (C-9), 129.32 (C-
5), 119.32 (C-3), 115.87 (C-10), 110.53 (C-6), 105.64 (C-8), 78.90 (C-2’’), 75.93 (C-3’’), 68.84 
(C-2’), 68.24 (C-1’), 60.48 (C-1’’); max(KBr)/cm 3377 (C≡C-H), 2155 (N3), 2195 (C≡C), 1710 
(CO), 1690 (C=C).  
 
4.2.1.6 Synthesis of azido-1-undecanol 90 
 A mixture of the 11-bromo-1-undecanol (0.10g, 0.40 mmol), NaN3 (0.078 g, 1.20 mmol) in dry 
DMF (3 mL) was stirred at 80 °C overnight under argon. The DMF was removed by evaporation 
under reduced pressure; the residue was dissolved in CH2Cl2, washed with water and dried over 
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MgSO4. After evaporation of the solvent, the residue was purified by chromatography on silica 
gel, eluted with CH2Cl2 to give the compound 90 as a yellowish syrup (0.08 g, 0.37 mmol, 94%). 
1
H NMR (CDCl3, 400 MHz)  δH 3.57  (2H, t, J = 6.7 Hz, 1-CH2), 3.34 (2H, t, J = 6.9 Hz, 11-
CH2), 3.05 (1H, s, OH), 1.62-1.49  (4H, m, 2-CH2 and 10-CH2), 1.42 -11.23 (14H, m, 3-, 4-, 5-, 
6-, 7-, 8- and 9-CH2); 
 13
C NMR (CDCl3, 100 MHz)  δC  62.53 (C-1), 51.37 (C-11), 32.63 (C-2), 
29.40 (C-10), 29.39, 29.07 (C-4, C-5, C-6 and C-7), 28.75 (C-8), 26.68 (C-9), 22.51 (C-3);  
max(KBr)/cm 3350-3440 (OH), 2196 (N3). 
 
4.2.1.7 Synthesis of 1-azido-11-prop-2-ynyloxy-undecane 91 
‘ 
Sodium hydride (4.7 g, 117 mmol) was added in small portions to a stirred solution of 11-azido-
1-undecanol 2 (10.0 g, 46.9 mmol) and 18-crown-6 (0.02 g, 0.08 mmol) in dry THF (200 mL) 
maintained at 0 °C under argon. After hydrogen was entirely emitted a solution of propargyl 
bromide (11.17 g, 93.9 mmol) in dry THF (50 mL) was added dropwise. The mixture was stirred 
overnight at room temperature and after quenching of residual NaH by distilled water (20 mL) 
the mixture was extracted with CH2Cl2 (2×100 mL). The organic layer was dried over MgSO4.  
After evaporation of the solvent, the crude product was purified by column chromatography 
eluting with 2% ethyl acetate in petroleum ether giving a pale yellow liquid as product after 
evaporation of the solvents under reduced pressure (9.80 g, 39.02 mmol, 83%). 
1
H NMR (CDCl3, 
400 MHz) δH 4.12 (2H, d, J = 2.3 Hz, 1’-CH2), 3.50 (2H, t, J = 6.6 Hz, 11-CH2), 3.25 (2H, t, J = 
6.9 Hz, 1-CH), 2.40 (1H, t, J = 2.3 Hz, 3’-CH), 1.62-1.55 (4H, m, 2-CH2 and 10-CH2), 1.40- 
1.23 (14H, m, 3-, 4-, 5-, 6-, 7-, 8- and 9-CH2);  
13
C NMR (CDCl3, 100 MHz) δC 80.06 (C-2’), 
73.99 (C-3’), 70.26 (C-1), 57.98 (C-1’), 51.47 (C-11), 29.69 (C-10), 29.49 (C-2), 29.43, 29.39, 
29.12 (C-4, C-5, C-6 and C-7), 28.83 (C-8), 26.70 (C-9), 26.07 (C-3); max(KBr)/cm
-1
 3400 
(C≡C-H), 2100 (N3), C≡C (2195). 
 
4.2.1.8 Synthesis of 5-bromo-2,4-dihydroxybenzaldehyde 92 
A 1.5% solution of bromine in glacial acetic acid (58 ml) was added dropwise over 30 minutes to 
a stirring solution of 2,4-dihydroxybenzaldehyde (5.00 g, 36 mmol ) in glacial acetic acid (10 
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mL) at room temperature. The mixture was then stirred for another 15 minutes. All the bromine 
was absorbed during this time. The clear solution was diluted with water (150 mL) and stirred 
for further 30 minutes.  Brownish crystals which separated out were filtered and washed with 
water to afford the product as a light brown solid (3.84 g, 17.7 mmol, 49% yield). 
 1
H NMR 
(DMSO-d6, 400 MHz) δH 11.41 (1H, s, 4-OH), 10.89 (1H, s, 2-OH), 9.95 (1H, s, 7-CHO), 7.75 
(1H, s, 6-CH), 6.58 (1H, s, 3-CH); 
13
C NMR (DMSO-d6, 100 MHz) δC 188.83 (C-7), 161.88 (C-
4), 160.89 (C-2), 133.57 (C-6), 116.68 (C-1), 103.29 (C-5), 100.84 (C-3); max(KBr)/cm
-1
 1710 
(C=O), 1690 (C=C); m.p 131-174 °C. 
 
4.2.1.9 Synthesis of ester-amide bromocoumarin 94      
 
A mixture of 5-bromo-2,4-dihydroxybenzaldehyde (4.34 g, 20 mmol), N-acetylglycine (2.43 g, 
20 mmol) and anhydrous sodium acetate (4.92 g, 60 mmol) was heated at reflux under stirring 
for 4 h in 100 mL acetic anhydride at 100 °C.  The reaction mixture was then poured onto ice to 
give a yellow precipitate. After filtration, the yellow solid was washed by ice water and dried to 
afford a bright yellow solid as product (2.81 g, 8.28 mmol, 41% overall yield).
 1
H NMR (DMSO-
d6, 400 MHz) δH 9.08 (1H, s, 5-H), 8.61 (1H, s, NH), 7.76 (1H, s, 4-H), 7.19 (1H, s, 8-H), 2.36 
(3H, s, 2’-CH3) ,  2.18 (3H, s, 2’’-CH3); 
13
C NMR (DMSO-d6,  100 MHz) δC 170.30 (C-1’), 
168.14 (C-1’’), 156.89 (C-2), 149.00 (C-9), 147.71 (C-7), 130.93 (C-3), 124.99 (C-5), 121.55 (C-
10), 119.55 (C-8), 111.93 (C-6), 111.42 (C-4), 23.92 (C-2’’), 20.48 (C-2’); m.p. 264-268 °C. 
 
4.2.1.10 Synthesis of 3-azido-6-bromo-7-hydroxy-2H-chromen-2-one 95 
 
The method described for the synthesis of 3-azido-7-hydroxy-2H-chromen-2-one 82 was 
followed using a solution of ester-amide bromocoumarin 94 (6.80 g, 20 mmol) in conc. HCl and 
ethanol (2:1, 30 mL), NaNO2 (2.76 g. 40 mmol) and NaN3 (3.90 g, 60 mmol).  After work-up 
followed by chromatographic purification (eluting with 30% ethyl acetate in hexane) afforded 
the product, 3-azido-6-bromo-7-hydroxy-2H-chromen-2-one, as a brown solid (2.71 g, 9.6 mmol, 
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48%).  
1
H NMR (DMSO-d6, 400 MHz) δH 11.45 (1H, s, OH), 7.87 (1H, s, 4-CH), 7.53 (1H, s, 5-
CH), 6.93 (1H, s, 8-CH);
  13
C NMR (DMSO-d6, 100 MHz) δC 156.81 (C-7), 156.13 (C-2), 151.48 
(C-4), 131.19 (C-9), 126.32 (C-5), 122.25 (C-3), 112. 74 (C-10), 106.59 (C-8), 102.73 (C-6); 
max(KBr)/cm
-1
 3350-3460 (OH), 2196 (N3), 1712 (C=O),1690 (C=C). 
 
4.2.1.11 Synthesis of 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 96 
 
The method described for the synthesis of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 
was followed using  3-azido-6-bromo-7- hydroxycoumarin (0.28 g, 1 mmol), anhydrous K2CO3 
(0.14 g, 1 mmol) and CH3I (0.19 g, 1.4 mmol). Work-up followed by chromatographic purifica- 
tion eluting with 30% ethyl acetate in hexane afforded a yellowish solid as product after evapo- 
ration of the solvents under reduced pressure (0.19 g, 0.65 mmol, 65%). 
1
H NMR    (CDCl3, 400 
MHz) δH 7.59 (1H, s, 4-CH), 7.09 (1H, s, 5-CH), 6.85 (1H, s, 8-CH), 3.95 (3H, s, 1’-OCH3); 
13
C 
NMR (CDCl3, 100 MHz) δC 156.84 (C-7), 151.81 (C-2), 130.83 (C-4), 127.91 (C-9), 125.86 (C-
5), 123.29 (C-3), 113.66 (C-10), 107.24 (C-8), 100.69 (C-6), 57.13 (C-1’); max(KBr)/cm  2196 
(N3), 1712 (C=O),1690 (C=C). 
 
4.2.1.12 Attempted synthesis of 3-azido-6-ethynyl-7-methoxy-2H-chromen-2-one 99 
 
Procedure 1 
A solution of 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 (2.96 g; 10 mmol), 
PdCl2(PPh3)2 (70 mg, 1 mol%), and CuI (20 mg, 1 mol%), in TEA (25 mL) was degassed three 
times by a freeze-thaw method and back-filled with N2. TMS acetylene (1.08 g, 11 mmol) was 
then added using a syringe. After the mixture was stirred for 24 h at 100 °C, the solvent was 
evaporated and the residue was washed with saturated NaHCO3 solution and extracted ether. 
After drying over anhydrous Na2SO4 and evaporation of ether under reduced pressure, the crude 
product was chromatographed on a short neutral alumina column using hexane eluent to yield a 
brown solid which could not be characterized. 
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Procedure 2 
The method described in procedure 1 was followed. A deaerated solution of 3-azido-6-bromo-7-
methoxy-2H-chromen-2-one 97 (2.96 g, 10 mmol), PdCl2(PPh3)2 (70 mg; 1 mol%), CuI (20 mg, 
1 mol%) and DIPEA (0.036 g, 0.28 mmol) in 10 mL anhydrous CH3CN was refluxed for 24 h at 
100 °C under N2. After work up, the resultant darkish brown solid could not be characterized. 
 
Procedure 3 
The method described in procedure 1 was followed using a deaerated solution of 3-azido-6-
bromo-7-methoxy-2H-chromen-2-one 97 (2.96 g, 10 mmol), PdCl2(PPh3)2 (70 mg; 1 mol%), CuI 
(20 mg, 1 mol%)  in TEA (50 mL). The solution was stirred at 25 °C for 36 h under N2 atmos- 
phere. After work up, only the starting material, 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 
97, was isolated. 
 
Procedure 4 
A deaerated solution 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 (2.96 g, 10 mmol) and 
triphenylphosphine (0.075 g, 0.28 mmol) in 20 mL anhydrous triethylamine was treated with   
TMSA (1.47 g, 15 mmol) and palladium(II) acetate (0.022 g, 1 mol%) under argon. The mixture 
was refluxed for 24 h at 100 °C under N2 atmosphere. The reaction mixture was cooled and 
filtered. The filtrate was concentrated under vacuum to give a brown residue.  The residue was 
then dissolved in hexane and filtered through silica gel to yield a dark brown solid which could 
not be characterized. 
 
Procedure 5 
The method described in procedure 4 was followed using a solution 3-azido-6-bromo-7-
methoxy-2H-chromen-2-one 97 (2.96 g; 10 mmol) and DIPEA (0.036 g, 0.28 mmol) in 10 mL 
anhydrous CH3CN was added TMS acetylene (1.47 g, 15 mmol) and palladium(II) acetate (0.022 
g, 1 mol%). The mixture was refluxed at 100 °C for 24 h. After work-up, the resulting solid 
could not be characterized.  
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Procedure 6 
 
The method described in procedure 4 was followed.  To a solution  of 3-azido-6-bromo-7-
methoxy-2H-chromen-2-one 97 (2.96 g, 10 mmol) and triphenylphosphine (0.075 g, 0.28 mmol) 
in 20 mL anhydrous triethylamine was added TMS acetylene (1.47 g, 15 mmol) and 
palladium(II) acetate (0.022 g, 1 mol%). The mixture was stirred at 25 °C for 36 h under N2. 
After work up only the starting material 3-azido-6-bromo-7-methoxy-2H-chromen-2-one 97 was 
isolated.  
 
 
4.2.2 Synthesis of homo-polymers 
 
4.2.2.1 Synthesis of polytriazole 100 
 
n
O O
N
O
N
N
1'
3'
5
1
2
3
4
6
7
8
9
10
2'
 
Procedure 1: using CuSO4 as catalyst and THF as solvent 
To a mixture of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 ( 0.04 g, 0.17 mmol) and 
PMDETA (0.03 g, 0.17 mmol) in THF (10 mL), sodium ascorbate (0.007 g, 0.017 mmol, 10 
mol%) in water was added, followed by CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%)  in a mi- 
nimum amount of water. After the mixture was stirred at room temperature for 24 h, the solvent 
was removed under reduced pressure and the residue was diluted with water (50ml) and filtered. 
The resulting brown solid was dissolved in THF and precipitated twice in diethyl ether to yield 
the polytriazole 100 as a brown powder (0.023 g, 57%). 
1
H NMR (DMSO-d6, 400 MHz) δH 8.81-
8.64 (2H, bm, 6-H and 1’-H), 7.89-7.65 (1H, b, 8-H), 7.39-6.86 (2H, bm, 5-H and 4-H) 5.44-5.26 
(2H, bt, 3’-H), 4.92 (2H, s, OCH2C≡CH, end group), 3.64 (1H, s, C≡CH, end group). 
max(KBr)/cm 1695-1730 (N=N, C=O, C=C).  
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Procedure 2: using CuSO4 as catalyst and DMF as solvent 
The method described above for the synthesis polytriazole 100 (Procedure 1) was followed. To a 
mixture of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 (0.04 g, 0.17 mmol) and PMDE- 
TA (0.03 g, 0.17 mmol) in DMF (5 mL), sodium ascorbate (0.007 g, 0.017 mmol, 10 mol%)  in 
water was added, followed by CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%)  in a minimum 
amount of water. Work-up and precipitation after stirring for 24 h at room temperature yielded 
polytriazole 100 as a brown powder (0.024 g, 60%). 
Procedure 3:  Using CuBr as catalyst 
A degassed solution of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one (0.04 g, 0.17 mmol), 
PMDETA (0.03 g, 0.17 mmol), CuBr (0.001 g, 0.0085 mmol, 5mol%), and sodium ascorbate 
(0.007 g, 0.017 mmol, 10 mol%) in  DMF (5 ml)  was stirred overnight at 40 °C under an inert 
atmosphere. The mixture was then dissolved in water and filtered. The resulting brown solid was 
dissolved in DMF and precipitated twice in diethyl ether, yielding after drying under reduced 
pressure, the polytriazole 100 as a brown powder (0.03 g, 75%). 
 
4.2.2.2 Synthesis of polytriazole 101 
 
          
O O
N
O
N N n
1'
1
2
3
45
6
7
8
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6'
 
The method described above for the synthesis of polytriazole 100 (Procedure 1: using CuSO4 as 
catalyst) was followed using a mixture of 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 
(0.05 g, 0.17 mmol) and PMDETA (0.03 g, 0.17 mmol) in THF (5 ml), NaAsc  (0.007 g, 0.017 
mmol, 10 mol%)  and CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%) in a minimum amount of 
water. Work up followed by precipitation yielded polytriazole 101 as a brown powder
 
( 0.029 g, 
59%). 
1
H NMR (CDCl3, 400 MHz) δH 8.43-8.41 (1H, bs, 1’-H), 7.52-7.73 (1H, bm, 6-H), 6.96-
88 
 
6.72 (1H, bm, 8-H), 6.50-6.31 (2H, bm, 5- and 4-H), 4.087-3.87 (2H, bs, 6’-CH2), 2.30-2.15 (2H, 
bs, 3’-CH2), 1.98-1.83 (2H, bd, 5’-CH2), 1.65 (2H, s, 4’-CH2); max(KBr)/cm
-1
 1695-1730 (N=N, 
C=O, C=C). 
 
4.2.2.3 Synthesis of polytriazole 102 
n
OO O
N
N N
O
1
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6
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2' 3'
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The method described above for the synthesis of polytriazole 100 (Procedure 1: using CuSO4 as 
catalyst) was followed, using a mixture of  7-[2-(prop-2-ynyloxy)ethoxy]-3-azido-2H-chromen-
2-one 88 (0.048 g, 0.17 mmol)  and  PMDETA (0.03 g, 0.17 mmol) in 5 mL THF, NaAsc (0.007 
g, 0.017 mmol, 10 mol%) and CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%) in a minimum  
amount of water, yielding the polytriazole 102 as a brown powder after work-up and 
precipitation (0.026 g, 55%).
 1
H NMR (CDCl3, 400MHz)  δH 7.39-7.36 (1H, bs, 1’-H), 7.19-7.17 
(1H, bs, 6-H), 7.01-6.92 (1H, bd, 8-H), 6.88-6.83 (1H, bd, 4-H), 6.81-6.78 (1H, bs, 5-H), 5.51-
5.48 (2H, bs, 3’-CH2), 4.41-4.39 (2H, bs, 2’’-CH2), 3.83-3.81 (2H, bs, 1’’-CH2); max(KBr)/cm 
1695-1730 (N=N, C=O, C=C). 
 
4.2.2.4 Synthesis of polytriazole 103 
 
O N
N N n
1'
3'
2'
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4
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The method described above for the synthesis of polytriazole 100 (Procedure 1: using CuSO4 as 
catalyst) was followed. A solution of 1-azido-11-prop-2-ynyloxy-undecane (0.042 g, 0.17 mmol) 
and  PMDETA (0.03 g, 0.17 mmol  in THF (5 mL), sodium ascorbate (0.0035 g, 0.017 mmol, 10 
mol%) of  freshly prepared 1M solution in water and CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol 
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%  in a minimum amount of water) was stirred for 24 h at room temperature.  Polytriazole 103 
was obtained as a white powder after work-up and precipitation (0.031 g, 74%). 
 1
H NMR 
(CDCl3, 400 MHz)  δH 7.64-7.45 (1H, bs, 1’-H), 4.54 (2H, s, 3’-CH2), 4.26 (2H, bt, 1-CH2), 3.45 
(2H, bm, 11-CH2), 1.86-1.42 (4H, bm, 2-CH2 and 10- CH2), 1.36-1.18 (14H, m, 3-, 4-, 5-, 6-, 7-, 
8- and 9-CH2);  
13
C NMR (CDCl3, 100 MHz)  δC  145.45 (C-2’) , 122.08 (C-1’), 96.12 
(CH2C≡CH end group), 70.87 (C-3’), 64.37 (C-11), 50.33 (C-1), 30.31, 29.64-29.35, 28.98, 
26.50, 26.09 (C-2,C-3, C-4, C-5, C-6, C-7, C-8, C-9, C-10) ; max(KBr)/cm 1695 (C=C), 1650 ( 
N=N). 
 
4.2.3   Synthesis of co-polymers 
O O
N
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N
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4.2.3.1 Synthesis of polytriazole 104 
 
A solution of 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 (0.01 g, 0.0425 mmol), 1-azido-
11-prop-2-ynyloxy-undecane (0.032 g, 0.1275 mmol) and PMDETA (0.03 g, 0.17 mmol)  THF 
(5 ml) was stirred for 30 min. Sodium ascorbate (0.0035 g, 0.017 mmol, 10 mol%) and 
CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%) in a minimum amount of water. Work-up follo- 
wed by precipitation yielded polytriazole 104 as a brown powder (0.026 g, 63%). 
1
H NMR 
(CDCl3, 400 MHz) δH 8.73-8.61 (1H, bs, 1’-H), 8.65-8.45 (1H, bs, 1’’’-H), 7.59-7.42 (1H, bs, s, 
6-H) 7.05-6.82 (1H, bd, 8-H), 6.66-6.57 (2H, bs, 4- and 5-H), 5.53-5.15 (2H, bt, 3’-CH2), 4.79-
4.59 (3H, m, 3’’’-CH2 and  coumarin OCH2C≡CH end group end group) , 4.39-4.23 (2H, bs, 1’’-
CH2) 4.11-4.03(2H, s, aliphatic OCH2C≡CH end group), 3.66-3.39 (3H, s, bs, 11’’-CH2 and 
coumarin C≡CH end group)  2.54-2.15 (4H, bm, 2’’-CH2 and 10’’-CH2), 2.13-1.087 (14H, bm, 
3’’-, 4’’-, 5’’-, 6’’-, 7’’-, 8’’- and 9’’-CH2); max(KBr)/cm 1695-1730 (N=N, C=O, C=C). 
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4.2.3.2 Synthesis of polytriazole 105 
The procedure for the synthesis of polytriazole 104 was followed using 3-azido-7-(prop-2-
ynyloxy)-2H-chromen-2-one 83 (0.002 g, 0.085 mmol), 1-azido-11-prop-2-ynyloxy-undecane 
(0.021 g, 0.085 mmol), PMDETA (0.03 g, 0.17 mmol), sodium ascorbate (0.007 g, 0.034 mmol, 
20 mol%) and CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%). Work-up followed by precipitat- 
ion yielded polytriazole 105 as a brown powder (0.012 g, 53%).
 1
H NMR (CDCl3, 400 MHz) δH 
8.73-8.61 (1H, bs, 1’-H), 8.65-8.45 (1H, bs, 1’’’-H), 7.59-7.42 (1H, bs, s, 6-H) 7.05-6.82 (1H, 
bd, 8-H), 6.66-6.57 (2H, bs, 5- and 4-H), 5.53-5.15 (2H, bt, 3’-CH2), 4.79-4.59 (3H, m, 3’’’-CH2 
and coumarin OCH2C≡CH end group end group) , 4.39-4.23 (2H, bs, 1’’-CH2) 4.11-4.03 (2H, s, 
aliphatic OCH2C≡CH end group), 3.66-3.39 (3H, s, bs, 11’’-CH2 and coumarin C≡CH end 
group)  2.54-2.15 (4H, bm, 2’’-CH2 and 10’’-CH2),  2.13-1.087 (14H, bm, 3’’-, 4’’-, 5’’-, 6’’-, 
7’’-, 8’’- and 9’’-CH2); max(KBr)/cm
 
1695-1730 (N=N, C=O, C=C). 
 
4.2.3.3 Synthesis of polytriazole 106 
 
The procedure for the synthesis of polytriazole 104 was followed  using  3-azido-7-(prop-2-
ynyloxy)-2H-chromen-2-one 83 (0.030 g, 0.1275 mmol), 1-azido-11-prop-2-ynyloxy-undecane 
(0.010 g, 0.0425 mmol), PMDETA (0.03 g, 0.17 mmol), sodium ascorbate (0.007 g, 0.034 mmol, 
20 mol%) and CuSO4.5H2O (0.002 g, 0.0085 mmol, 5 mol%). Work-up followed by precipita- 
tion yielded polytriazole 106 as a brown powder (0.026 g, 67%).  
1
H NMR (CDCl3, 400MHz) δH 
8.73-8.61 (1H, bs, 1’-H), 8.65-8.45 (1H, bs, 1’’’-H), 7.59-7.42 (1H, bs, s, 6-H) 7.05-6.82 (1H, 
bd, 8-H), 6.66-6.57 (2H, bs, 4-H and 5-H), 5.53-5.15 (2H, bt, 3’-CH2), 4.79-4.59 (3H, m, 3’’’-
CH2 and coumarin OCH2C≡CH end group), 4.39-4.23 (2H, bs, 1’’-CH2) 4.11-4.03 (2H, s, 
aliphatic OCH2C≡CH end group), 3.66-3.39 (3H, s, bs, 11’’-CH2 and coumarin C≡CH end 
group)  2.54-2.15 (4H, bm, 2’’-CH2 and 10’’-CH2),  2.13-1.087 (14H, bm, 3’’-, 4’’-, 5’’-, 6’’-, 
7’’-, 8’’- and 9’’-CH2); max(KBr)/cm 1695-1730 (N=N, C=O, C=C). 
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6. APPENDICES 
 
6.1 APPENDIX A: NMR SPECTRA 
 
 
 
Figure A 1: 
13
C NMR spectrum for 5-bromo-2,4-dihydroxybenzaldehyde 92 in DMSO-d6. 
 
Figure A 2: 
13
C NMR spectrum for 11-azido-1-undecanol 90 in CDCl3 
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Figure A 3: 
13
C NMR spectrum for 1-azido-11-(prop-2-ynyloxy)undecane 91 in CDCl3 
 
 
 
 
Figure A 4:  
13
C NMR spectrum for 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 in CDCl3. 
100 
 
 
 
Figure A 5: DEPT-135 NMR spectrum for 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 in 
CDCl3. 
 
Figure A 6: 
13
C NMR spectrum for 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 in CDCl3. 
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Figure A 7: DEPT-135 NMR spectrum for 3-azido-7-(prop-2-ynyloxy)-2H-chromen-2-one 83 in 
CDCl3. 
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Figure A 8:  HQMC NMR spectrum for 3-azido-7-(hex-5-ynyloxy)-2H-chromen-2-one 86 in 
CDCl3. 
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Figure A 9: 
 13
C NMR spectrum of PTA 103 in CDCl3. 
 
 
 
Figure A 10:  
1
H NMR spectrum of PTA 105 in CDCl3 
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6.2 APPENDIX B: TGA AND DTG CURVES 
 
 
 
Figure B 1: Thermogravimetric (          ) and DTG (- - - -) curves for PTA 100 at a heating rate of 
10 °C min
-1
 in nitrogen atmosphere. 
 
 
 
Figure B 2: Thermogravimetric (          ) and DTG (- - - -) curves for PTA 102 at a heating rate of 
10 °C min
-1
 in nitrogen atmosphere. 
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Figure B 3: Thermogravimetric (          ) and DTG (- - - -) curves for PTA 105 at a heating rate of 
10 °C min
-1
 in nitrogen atmosphere. 
 
 
6.3 APPENDIX C: FT-IR SPECTRA 
 
 
            Figure C 1: 
 
FT-IR spectrum of PTA 105 and monomers 83 and 91. 
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Figure C 2: 
 
FT-IR spectrum of PTA 104 and monomers 83 and 91. 
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